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existing information systems with a practical orientation. Section II
describes basic concepts of the AQT approach (extended relational data models,
intermediate query language, table driven translation). Linguistic implemen-
tation of natural language query techniques is provided in Section III.
Section IV deals with the methodology of accessing differently formatted
target databases. Section V describes some special problems in querying tar-
get databases (e.g., generic keys, ellipsis, purging a context, conversational
postulates). Section VI constitutes a detailed description of the presently
available AQT testbed system. Section VII provides criteria for evaluation
of user interface languages for database management systems. Section VIII is
a statement of conclusions including present status and results; operational
evaluation criteria; areas for further work, plans, summary and directions.
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Abstract

The idea of relational models for data bases can
be extendea In a straigntforward way to yield a fairly
simple scheme for natural lanquage access that can be
easily tailored to any partictilar target data base of
formatted records. A maior part of this scheme,
including a processor far queries In Enqlis'n, has been
Implemented In FOPrAJ onl a DE;C PUP-11/70 as a
demonstration question-answering system witn Soviet
aircraft data. The demonstration system suqgests a
design for a low-cost hiqnly portable natural lanqTuage
access facility Immediately applicable to existing
Intelligence data oases, eitner singly or several at
the same time.

Accessic:.2 Tor
NTIS '
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EVALUATION

The objective of this R&D effort consists :n designing a next generation
query facility that will supply deficiencies of information systems
within the current SOTA, such as the requirement for special training
and considerable experience; arbitrary and tedious access protocols;
applicability to only one target database and requirement for
knowledge of database structure/content; incompatibility with other
information systems, and poor adaptability to new user needs.

The AQT approach offers the advantage of natural language access by
non-expert computer users to differently formatted target databases. This
design feature eliminates the requirement for special training, minimizes
the dependence on one particular target devdbase, and cancels the
requirement for knowledge of database structure/content. Furthermore,
the AQT approach imposes no restriction on access paths and provides
a uniform access protocol for different target databases.

The AQT approach also provides portable technoloqy applicable to
medium scale architecture. The present testbed version is
iplemented in FORTRAN on a DEC PDP 11/70 under RSX ll/D, with
restrictions minimizing dependence on this particular hardware/OS
configuration. A fully operational advanced query facility will be
compatible with Standard Software Base (SSB) including SARP data
management system.

The subject effort has provided a valid design for a low cost, highly
portable query facility with natural language access to the existing
intelligence databases regardless of their formatting features.
The facility will be capable of accessing either a single database,
or several databases at the same time. The current follow-on effort
consists in development of a prototype for hands-on experimentation;
research into user needs and query language requirements; on-site
or off-site application of the prototype to different intelligence
databases on trial basis, and continuing evolution of the query
facility through user feedback, ultimately leading to a general
utility.

A IGOIEW L. PANKOWICZ

Project Engineer
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SFCTION 1

Lntroduction

1.1 on-line Information systems for intelliqence

Intelliaence analysis is 0asically a process of sitting out

and piecing togetner data so as to Produce information pertinent

to decision-waKinq. Where uncooperative suojects are involved,

this will seldom be as stralqntforwara as looking at a single

message, photograph or other collected data item. More

typically, arn analyst will nave to work inferentially from many

incomplete ana posSibly even conflicting data items. In such a

situatior., it would seem oesirable to have as nuch data as

possiole, but in oractice, tne ability to collect data far

outstrips the aoility of any unsupported analyst to make sense of

the data. Accordingly, many types of online information systems

have Peen developed to allow computers to nelp in the management

of larae files of intelliqertce data.

With nass storage devices ann control processin- units

.1
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Introauction

continuLrq to improve in s.eea ara capacity while declining in

cost, the tecnnical and economic feasibility of online

intorratlor sister.s no longer are In dount. :laking this

infortatJor accessinle oy users with actual need of it, however,

rema'ns a troolem oecadse tnese users typically lack training as

computer rrocranllers. SIiply navlng data stored on line does

a~tonAtlcally insure that it can De used effectively. If fact,

there is otter 4 problem Nith too mucn data if access to it is

ciainen cnly throuan learning manv aifferent access procedures.

As a hears of making online intormation nore conveniently

availatle to non-expert computer users, two key concepts have

emeraed as ira~or areas of ongoin, research and development: the

relational moielina of data bases and allowing requests for

intormatior to he expressen in a natural lanquaqe liKe English.

o Tbe tecnnique of relational itodeling allows an

irformation user to approacn a data base in terms

of the semaritic dependence Detween data items

witnout consideration of riow this is actually

ifrleented In tne data base. The user sees data

as a set of arustract relations defined over

prinitive data types; for example, the relation

PYF.'IrYE holoinq for trie data types NA'ME, 100,

JUP cAr2';(jpY, and AGE, typically written out as

P.(JYEL( iAMFI,)VUB CATEG(rjY,AGE). The user is
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b I C q-- tO r',sI 0jI d e tt'E? v~io OUGteM5 ot 1,1 t a

LdVjTJ to KiJj( %S JCr ter'inic.11 1"tA 1.% -j th'e

rIYs ic.' 1!'J I c Or, C) Ic I CrPY dr ,store i , t ie

lcouIc-t I r'tz-ir 1()r) o t s to r e or, trie 3flev ic .In o

t re r.cCes S S1t LIs r f 0r tetCiro': t. tINO -1-ita. All ot

tyaso-ret Iti i user.

o raturnj Jr11i., C.3;iojI~ty ;jJ104S ani iritorrition

user to r', f Pr to trite cnnte Its ', t -i oa~ti a t Se in trle

sr e v tnr- j i.,rsor A ,k)I t'ij I< arout t re n In d

lar~tui e I iKP '.njjh Jr'His i)oes firtner trian si"mtly

IT cluiiri u t-*ri 1 so KtP -eor')s Ili 3 tort. ii 'I iery I anjudcje

or rnavirvi tna' 57ritei. of trat 1-1rOi'~vid! jjt'3te the fort,

o L riLs i s e n t e rc e ; 'Ia t U T AIre SS L1 ihe S t

rerse') cmj aliso use tner vuriowc *aT..]1ir se'iantic con-

vertlo'is of p j,)r,,ru 1 je I iip r rjrj s t ej i, ,

vaioI is Kin-is Of loqir il 1eLP,)i-encp 'A.it-1ir -I oatA oase.

j, e sor, sncoul-i of- Aini- I~'m i~ r,dturail iuerv 1,fiqa'zei

%ittrOkt PlVlflI tr Kno- )iiyVtr in:; Tore tne,:) t nie oeneraI

tact tvi-t ,i 'iJVen r(3j.-it- risA ContsiInS CertAn Kirvls ot

AnOtr' rpJI t Ion-il f-ose in j ' ntir-, i lanrlu~,'~e -ueryi ;Vi rdve

rneen icr.i lett'vte I In .i %Iip varietv ot exrjerirprnti1 systeiS, otteni
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*eatr' tt~e L.Ao 1!1 Co ,r 1;'.,r. jor,. J r., .1ccess of tiiese systems in

sij'[1ityic~ oi~t-t e accpss 10 ro,,-exr)ert users nas stimulated

jtt~rent , rt it -i t. Lrove', litt lcukt to i ntroiidce t nen. into

A ct wa 1 'or t. r e'ivironr-nts. lre .- rouiel is t;otfli technical ;tnd

ard eri~ * i tie or'1e !..,rV, s%'1J. i r-', iIeoiit Syste'rs tend to

scalp tL ;oo r Ly , s itic t. t r.e * t ei t o r)o jd o n c o r, ut ation a IIy a s

o-ita :3ses Pj trn-iC', TP -SIZe ~f t iic ,e t Vci1ca 11y i n trie real

v o r I: c r t 'le ot-oer 'ieflu, intorliation system rndnajers are

relv~ct-rt to~()I t.-,evselve s to j ne%, tainly corolex system

!II' r r, cj;t -s r' P 1t iwlrii or i-iture I lin-juac.Ie iuery system cAn

oe costly. It. -iv jrv,)Iv -, o,t ree. 1 ot srecia I oroiramminq as

.%ei i .s rri.!.!bl tic' of * t,- tro- existin.- for'rots into formats

;,ccert,ir It tc tre Systte.. fnr- errtorrtr j11 also be risky in tnat

ti;erp Js Ye(~~rast, tn-r. tr.el systen w i11 m eet trie cuerceived

nercis , ( It 'v P,- se r or t rni t i t w i i Ieveri rur, witl a r4iven data

rS P it r e t v- -ic )a ron le,.s or nteciritv if ,.l tirple copies

r)t it. tVe t o ep , Cs' q S C- Of i n co rr Ojt i ,i Ii tYv re t *e en tn e

r r' e t s 0,t -it jr i I u P~'~ Aer y o roc e ss ir4 a n i existing

'bE-' Lover'ce', )i-ery rT!ctn1 - (.. I) project wos initiated in

an r% tIfcrt to s~ro3)tr out so-e ot the *itticolties in qetting the

t I ~tecr.rioccy cf reLt-tion.t u,-jtA oa-ses ar~ nat'jral lanoiuaqe to users

all n1 o ?LG S STQA'
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in nepd of corivernient ir.- flexit-le ;iccess to online intelig~ene

datP LsASes. li*e noil of trie Project 'a-s first to identity a

sunset ot sucni tectrio iow ani.rop,.r iate to I ritelIl ienCe data

analysis are t'ien to L'jivi. a system. to Q.e~oastrite the

effectIveress 0± tnis toctinoio.oy to potenitial users intelligence.

lo acconplisr. trils, we nave aevplo!)ei an extendied Kind of

relational cata ii,iel iesi-4neo specitically witri naturtl la3nquaqe

in minrc -ano nave i.iCLe'ientecj a 7 e'norstration system on a LF

PDP-11/7u. usir'3 tm'e extendedl eati ;iodJel -is a nearis of trarislatiniq

natural larxuaye queries 1nto refereoces to a taraet data mase.

Born~e examnles of mueries oAnole' ny the A.QT dernonstration

systen :

.ihat is tne t'isplauje lerj tn of tne Fcuxv,4t?

r'f tt.e 1 joqqer?

Avaraoe vinmjsoan of all 'l~s?

60%~ ftary fiihters or lnterce;.tors carry the

,rdt conti',uratimns?

(Ove Yre tneir Coinoat rami is.

1i1reir oross -heiltit.

hict, of these nave 2 crewron?

I crevran?
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Introduct ioh,

T?,e recoro of dn actuAl session vitn tne demonstration system is

aiven Ir Atr ,jix 4.

Irfe ienonstration syste., is written In Fo[krRAq and currently

rtuns on eltrer kSA-tll, or -lit). It is set uo to be taole-driven

so as to make it indeoenient oL any given cata base. It will be

the nasis tPre for tre Qesiqn ot a fall prototype portable

natural larciialp ctlery facility runnanle on a processor as small

as a i.E Ft-/. '[nis facility will maKe it Possioae for

practtcalI1 arv user to nive natural lanquage access to existing

torat tel i ati nases Aitn no additional naraoare and with no

aocltiondl sntt4Are exceot possiblv for special routines to

ranale unusual ,ata tvpes or lird'saces.

AorP or AiL ce,'an as an outorowtn of an evaluation of the

kII (varidly rvxtenslbie Lanouare) svstem EIOJ oy PAH Corporation

for kArC (contrict 4ive02-75-0241). Althouqh HEL was and still

is a Prolvistrc r4tirai lanquaqe aata analysis system, we found it

most intprestiov in te areas of furtner research that it

suqoested. tne rarticuLarly strilirQ proolem was tnat of how to

name the nirary relational odta structures employed by kEL so as

LO make trer as transparent as uossible to a user. The REL
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bystem Pever directIy aviressel this issue other than to orovide

a way tot users to qetine local synonyms for existing names.

In .. khroaier context, the narinj problem turns out to oe

only ore asrect Ot a more aeneral litticutty that relational data

syste's teno to qtoss over. It Is often impliea tnat a standard

relatioral representdtion ot oata sucn is tniri-normal form is in

some sense nat.iral ond tnat its orgaaization ano labeling should

therefore tp oovious to mnyvjser. Inis is not necessarily so,

however; tcr is ,e sriall snow, there are many different possible

redlizattoY:s for - iiven itelp of aata in a given canonical form

of relatlondl representation. ro naice the orqanization of a

relational uatd oise completely transparent to a user, we have to

make tr.e Choice of relational structures transparent as well.

To attack this problei, we starteo by extending the notion

of relational ldta stroctures to include a hierarchical ordering

of rel tors ani to allox relations to innerit key fields from

further uL in tne nierarcny. .vitn strict rules on tne naming of

relatinns jr t!'is fralrjeworKr tne model turns out to be quite

transparent to ii user ano in tact suggests how English ouerles

mlqht re interpreted wIthin the model. The model is still

sutticientlv siiole in structure, nowever, that mapping it DaCK

f onto a teruet Jata base can be accomplished through a

strai4httor%.ar1 tinle-driven Procedure.



Page 1-8

Introduction

ire use of an incerm-eiate loqical nodel in natural lanQuaae.

data case access has tre aivantaue of solitti'v- the problem into

two separate suopronle:cs: natural 1nuage Processinq and oata

oase access orocessinj. The natur4l lanqua.e part unexpecteuly

turned out to be tne easier one, larqely nerause of the

availability of the PAkLKZ (6J system for deveLooin, query

lanquaae nramrrars dnd parsers ,riven ny then. oe were fairly

quickly able to vroouce a demonstration on a OThC POP-I1/70 for

trhe translatloii of a si-nificant suoset of Knclish into an

intermeniate query lannuale directea at a iiven relational

nlerarchv servint; is a loilcal data r,oael. danoling target data

base access toog a -4reat deal more time.

At tlrst, our plan was to use existin; softhare frol the

SAPP fit] data manaiement facility to nandle data base

activities, since this would reduce the amount of proaramminq

required to oring up an AVr denonstrate system. Delays in the

delivery of SARP ana inalbequte docu-nentation, no.-ever, forced a

cnanoe ot course. (;ven tne irnnerative ot sno ina the

effectiveness of A,', we decide~i to put SARP aslae temporarily

and to bring uo a simple data nase ourselves on a POP 11//0. To

avola .oeirto unrealistic, 4e oiaced no prior con-ittlons on tne

orqanlzation ot the oata base and jesiqned tne data access part

of the demopstration system to avoid any assunntions about the

structure of the target data base. Cnis in effect made the
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dpmlonstr.atloy svste1, jotu ii oreininiry ve~rsion ut *i t .Ll A'j I-

Iip trIs ci;).-icItV, tric )elorItratior, systen was a valiaole

t(bS t De ri tor i v e IopI n q t e cn n1ti Fs for s re c If yi j -1it a oase

structUrP In tar,1' torm, *lereratlng 1 -1t A ;icceSS f"ths ,

controliJ.nc m ita iosse seaircties, resolvini ijeries -ienenaent in

rpeanino or) a [-relinj *Iiuery, selectino inn tor;naittini olitp1t.

and c-Orl'ut111A vir ious steltistcal f inctions Of 04ta. Tne

cemnorstrM xen byste.. ny r'unn in 4 or, pt -1-/U) 'l1s' sh~o~s t!IR

teaslility or ir-oleretinl .in 4v tdcllity even on -neiirT.-scaie

iodcr~1fp arc-Itactoire.

1.3 ujrnpr a;irnicnps

Proarcnz tnl -i *vicr'irp to unierstana ii-tur-lIA n,; -ja qe is

d d14ay s t ro r r o t;sL 'or e J 1rf Ic u It t n an r'o st n eo0p Ie e x oe ct. It has

soon atter tre constriicti.,o ot the first Plectronic Coinoilter, tor

eXIn'ple, tti.~t the first r'ronos.as tor a~tomatiC transli-tion of

fnreion lIarou,.ies eere? Tn.de. At tnep time, tnis seemed to ne

with'in reacr- r)t the ;in receaerited co:floutationl .,oser becominj

"ivailat.le; uLt r aooer t~y itself t ur ne e out to 0 e

i s ut f IcI Pr t. Ntn sted(1y tecrtnoloilcal Prociress, tner -ire nos

larcier -an taiter proceSsors# 1:ore sopnisticatet Pro-Iramrina
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JI'QAjueirs A' ,e t',uol Io 1es, inl .3 djefner trieoreticdl qr,?sp ot

naturAl 1rc1,LJ rp ni even tnese nove faile 'i to brinti anout. the

r.A j'r iiticqity In ojli, natiral lanquie systems is

1iIi, 11tirri tri' .:rone-- to -,r-<e It ;,.-nar:eeaoe. In nu,1ran bein-Is,

lincoilstic rei 1 vior Is closplyg intertwlneci A.Ltfl intellectual,

i.,oticofal, ;in i s,)ciAl le-ivior so tn-it i~nv atternnt eiijlate humian

lli~auistt irier ivior sou:i jets inteo co;rp13cations. rie Problem at

et t i %- cot!;-ULer.s to real sirrt le stories Illistrmites tne point

!~erp; thrtr !; -not only *itrp'nenrjously rich drrady ot iarvlu,3qe to

bp lieAlt Ki tn so t'o, r) 1jt a i s 0 the t or'r i da Ie t-a s at o

incoriror- tirL - rroad S ij po ur t ive r e ter t ory of lin~uistic and

flon-Iifl.ThistiC- henavior In -J s ys t e ,w 3ec a use a ny redl

unaestentIrn )t J story re-iuires Deinq aole to "iake an

arv roLr rt r r es ion s - to itL.

III this C )ntext of trne -I.t ura 1 laniiaie )r ovI err, we c an

nistinovisri t4 J5 risic ipp~roacnes to nuilin systems. Tne first

is toie lOriU~tAolir I tdi~in-; corouter" approacn that envisions

'" K I no c or I,%It f!r s t-ilt I -rtnars of nur-in oeinris oy ultimately

-jivinal triear tr-e vover 't Speern. The foclis here is ty;.)ically on

~tit ~C&KI n - 01tfiC.ult prordeims iv.n* flairal lanzluaqe understanding
Ajtn trel Gobl. ik r(E~veI,~tf'j neo; tecriniques tot hand Iino them.

zte-IS LUjit alO'I] these liiws -ire otten nlqhly s'Iccesstul (c.f.
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*Inocrae's b t)I)L'i syste", 114)j, out tne measure ot success tor

such a systeT tens to ni-liV correlated witn the nuwoer of new

dlitticult protIems that it opens up.

Ar altoqetrier iitterent iy to oJilo natural lanquaie

systems is krat we jnt call tne "nuts anm noits" a;)nroacn.

Insteao of attempting to come ur witP malor 11reaKtnroaUs, we can

take tte oide ranie of lanouaie Processinq tecnniades availaole

and try to tit tnem toietner in orner to solve a practical

problem. In tne last several, this aporoacn nas necome

especially proninent witn an orientation towar imurovinq tne

accessJbilitv of infor:nation store.1 In or-Lire comouter data

oases. A auery facilitv based on A,[ fails into tnis category,

and so to put it into perspective, ve need to 1OoK at tne otner

systems around.

1.3.1.1 -

The FIL system nas oeen rentionen alreaoV [lhe. *nis is a

relatiinai nata analysis system *itn an 'nqlisn qoery interface

tnat is readily extenliLle ny a user wnile at a ter:ninal. 'the

extensions are mostLy iiKA macro aetinitions, servin4 to expAnao a



Page 1-12

1ntroauct ion

particular user's 6,ty of s-Aying; ttnings into Conceots and

overatlors clre-iiy knfodn to tnie system. These Kinds of extension

wouln Allov ai iser eventudally tn tailor a -4uery language to be

'axi-P~lly coflveiiet f')r Ai ilvpn Application.

ek L was oriiinily ±r itdon an Ir3m 36U,/65 in assembly

iarifjoat~e toy sneeI --in :ompactriess. Corrent versions are being

airecten tokaril otrier racflxnest incLtzatnq one special-purpose

rinicor. juter : J i 1t to ron t~tu. Tne system is desi-Inea for 1/0

etriciency, reif/inq on oata oeiuni~ storeo in a special binary

relational for-T.At Aa 011 direct Prysical access to secondary

stora(2e, tossiinty .:-viri to if) -rour i tne file s/stern management

for a rrocessor. IiAn:IJde orocessinq is done tnrouqh a

syntax-c-rivr SCtPTe, istrio .1 idrser riesiqned to nan-3le tne most

ajererai) revritA jra-nars.

ur tl-,c wrole, 9t*A, apnears t~o *orK Out as a practical systeim

A J,-ed cicr nata An-ilysis -is carrli out in tne real world. Actual

non-exr-ert tiserS se-n Afre to Anrply tne REL netinitiondl facility

in et~ect to write data orocessini proorams in English. Tne

major srortcomina fof REL is r.rcOrAbly its restrictive data

fortattirO Tel~iirements; ita pnysicallV has to be stored in a

sDPCitic AAJ t-fnre PoI. car~ Norh vitt- it. This also leads to

litflcilties 4.ciore fiirlv conolex data is involved; althiouch

oinary relatiois Are tlheoratlcAkll sufficient to represent Any
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kind or t ata str~ictiurp, it is riot clear t )t tne Hr.u, laniljaqe

process ino caoility cAn "Id K e a .iot r -3 r J Colinose.; tinary

relations easily -iccessilble to j oser. Finally, tnere is a

pr or *ith to re n iiin; ot reliT ioris rin-i f iPI-, s tn-3t orevsnts tne

system7 fror veirim t~ij i: tr~nSp-irprt ( see Sect ion 2 .1.)

Pi + PT [51 is A ro n~ercidl ly avAilarile system 1 r nt end e e

Primarily for 7n~aienent informadtion aupliCattons. Its Dasic

idea is sirie, )Qt etfective - nalyei triat a Catl baise itself

c.an oe used as an extension of -3 jictionary, pDractically

eliminatina any neen for i~ separate orll 'nodel to iuide linuaqe

analysis. In nractlce, tnis in-vnives fAlY invertin.; a d-At- nase

to oet inidex lists ot tne recorras colit.inirng d 4iven valile in a

given fielo. rme sVsteir is deS1jiled to t-Ks -arvvantedje of tne

index lists wi,erever poskiole In oata base seircn, rediacina tne

neeo tm reac it) target fldta rase records.

Currer tly, krlA4JT i s sttl ciently wel 1 eStanlishel to have an

orranizee users iroun. Nor,-tecnnical manacers and tneir staffs

aorear to findi trie svstei easy to AorK %rith anaj trne informationl

returnee; ty the 1,st erl 1serll. ]he SySte-r iS firly irooest,

runninn on at) HA 37)/1,'u witli 10O)K to 2oOK t-yVtes of ine-ory. The
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naiturAl i~rnu ii proCeSSlnu3 IS ione Ajitn an aliqmented transition

net (AJr) n~rsi.ivi scne-tc It').

It is Lrrlear Vet h04 compnlex a Iata oase RuMW1T can qandle

eftectjv1O)'. Cre p)ronle.p is tne requirement fo full inversion,

thicn rjav rot tlwaos oe reAsonaole to lo. rne rIMHT system at

ilresent Seers restricted1 to extreipelv simple data file

or-OAnl7atinrs, '"oStIv linear tiles of recordis that would

t-1pical ly t, - se~rc-ied vitn. a senuential access method. This is

protanlv aceoiuite for some 'Pustmess -3opliCAtions, out it may be

too sirplistic for -a ii' strlicturea S&T dlata bdse.

Plr'ies is .iilipry tatciliity th~at translate natural lan-iuage

(ueries Into f r r-iI I-jpries *iirectei~ at a relational data base

cuntairirj ridintervance informition anout naval aircraft. it

tAV eS anvaflta ze of tre restriction of its doyrain of discourse to

simvlitv tI",e overdil1 problemn ot nitural langua-ie o~rocessing. Tne

system dms not at emula'tion ru-nan Iidnguaae coiioreflension, but at

encuineerin~i A orActical system for a particular information

,'-e svstpi is lestined to b~e tolerant atoout thie form of



-.4 i rjies* It ,V.') 17, i' t 3t I*I CL t -i -t, dt i cii ,s s i .

L)CdLI 'rrS Ir'l ~ s I C. )ise p r If-I I~'! "! . t r *S jt i '! -Pt S t'e et a

se! nf r r r is #s t r* 1i 1;e t -,e 131 c~ (,," r'%.t j 1 -S r ± r aI 'S

to tie trpsv r') I"~pr*Tt r~' ~ close triK , cf t 1rorntex

0± t 11r('TIs SO. 5' to up i . tc till 1.' :,,irts If-tt jrC.):,- t' e

L t r I v , f-A t 1 ' r t e fS - Vnr IS reol t

e,I t, iit TPI t ,C e I I Io I '-it.i -- s ~ e ' i-')Cte tO Sncf .(Lert r le

S vS t p"I' s r FC it il I IP i u Itr s -ii ;-It it: 1) S~are- i r a

non-j,ier ;,rc icu t-rti lei 'r -;t, .ev r. Is e~ Le n t e

on '- (if-C S r ti- I'l i I.1

f.~I- jI Ii s r~ - .r-I I .. P 'ICCOSS rvS t e. t .i

rit t l r a 1i.rij-~ 1P 1 i-trt ice? -(t1i9 1: 1, - s -'.ec i 1 -t ur Ai

~~~~~~~ 113J~st t e-w.r .- CC(-, 1;~ 1~ StC-OlS ts o f

tirPe t. )Or Co-r~o pu, -ir. cprtrr7 t- t -r-,).uces tor r Ii

t ni ~ s I tvr It 'i cro ;IL-, 1~ it 1 vwm ' -I r ' t t,

trd.~~~1.~~t~~r tr- It ruc'; .V s - -j yeirt i -it I -i an
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-,ccess r . r,:4P r tV r) t ),ts .t, l oct ion of tilies referenced oy

o-ierips ,rn (o(d-3 .-r~ill t'10* T.esswirv oroceoiras tar i~ettinq~

C e ,Ss t -I ti~ r e I P in i taiet '-iata n;se . y ne srattered

icr(Jss se veri I --lt teren' c,-),"[Itrr syste -s 1ir.F-j ito -3 netlaurK.

J'he r.-it t,,- Ii-ivj - :p jttvr t- -is IS eSinei t n he extenlable

Ap .; s ~r I~ z~t' ' x-i L r-s rof n AIL ~e r y torms 3.rj srecifying

v r P-rT t-I 1P t , -- r elI at 11 4 t ur r 0 ' niz Pi to rots. T i e

e nt r iL 3 t f7-t t r. ta c t c -in r t -i iI ) r e n te r i ct iv e Iy t o a J ive n

-i't I ic-ir lor , t &'ro :0jt-) ro i'nit i -1 core ,ira'T--ir suoolied~. The

0,ri v T -1,t r Ict I r) tri Pt 1 ) 1 r'iiPrv 1ailJivie frorn scratch is

r t, r e 'drso s n j t i-4 s ne u-e f i i qr - itn tie II1SiP

i~i ies Sr c e tne t)-'5jc svste7, is i'nnloorented in~

1'.~-i~(r. 0(~ -1 1* r4- t-iciltles sitprly for letininq nex

t ~* r-'~p~r-, .r ~ ir's * -r -,ur P-isier to tise , triouih.

itI4 . jr, aLepi.ipnt of -i t~jroet o-ita D~ase to t he extent.

t ri-t r s~ t r-i -1tl r I r'o C iccp.Ss a.-i e7 eer coP~Onents c~n o e

ral Iacer. 't cs- -o o3 ps -oc~ir to cot>ifn t.drript dAtA deoendent

codle, ;;Itt ot ir o t r-its is :rotnauly corinecte-l witri narticular

; -itAi Se I~~r, j;,t sV,,itepr-ra not kitr the contents at a data

ri-Sp. I e' trrirns -itror *oiP s1'eC1i~iV 4o'3i navom to me crianoed

i ft tre f ~r et r Wt~ '~Is j '.j S~ 0 r~ ] et syster. *ere chari)4p 1.
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1.*3.2

The AVl Anriroach naS sorretnino In com-non , Itn eacm of tne

systems nprntjoneo1 here, nut. ryst closely resemn-leS u'Alf~t,. LiKe

6ADD .R, an A' fACility Is oasel on a rmulti-starje trAnsldtion

process that atternots CO "'Tde th~e structure of a tar~~et diata base

transparent to~ i user tr~rouin iettods tnat can oe Applied to data

bases of Cifterent structurge and content. frne orientation of

AQT# trhounf.p is sliimtlv oifterert in its eirploymnont of a Kind of

relational dati model and a oasic iuery lanquaaje .*ira.vrar, *brin]

it closer in tnis restnect to kH, and PLA-4ES.

As natural lanjuAqep sVster,s, all. four of thie systers nere as

well as PAyT appear to Aim -At anout tne sAmrp Pr-ctical level of

competen~ce, ade~wate for tneir intpn,,ed use Niitn lata bases out

not sp~ectacti I-ir. Althoueqh th'e tec1,nl1:ues Vary, all tne systems

seen, to aoree on tne importance of nroolemns like ellipsis and

simple refereice. "hers? the oth~er systerns 3iveruie 'noSt from~ AQT)

is In trie conception of An AQTr faciiity as a small, 1o-riSK

system runnin~z 4ith liadteed resources in a user's operatirn1

environmne't; tnis is retlecte1 in V~ie implementatiori of the ,\Ql

demonstrAtion syste-n in v-(,rrRA'" on ;j i)F^ P['P-11/70.
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I.. Fxte'oir(c relational ciata mo-lels

[re centril co'ncent unierlying trhe A Tr facility is an

extensinn of tne notion at relaLional data structures [2].

Relational modeils for lata nases improve a great deal on

classical dpproacnes nv mainq access methods and data record

organizaticn transnarent to a user; nut tney still require the

user to krow souethlnq aoout the structure of a data base. The

pronle: is that tnere is no one natural way to express any given

aata in terts of relations. For example, data about the

nardenlfn, of support airfields aqainst airstriKes might

cor-ceivavlv he nr'3anizem in many different ways:

A11h41 l.I1 [..., tvpe=support, nard=yes]

S U iP CP'i 4 1[kr' L DI. . status=hardenedl

~'I

.I
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vulneraoilitynard1

where relatior nares .sppe~ir iii upper case to tae left of a set of

braC'ets And9 fteli1 nam~es i ni associated values aouear witnin

hreckets. As c-rn be seen, wnat constitutes relaition names. field

names, arn1 valuie iesiinAtions cir ne r41-]riv reiative: variations

in relatioral striletures can be iuite radical, ioin-u far b~eyond

tne standard airienraic onerations used to cierive ne.w relations

from o1ld ores,

TO Qet at inforrnatioa In i relation lata base, a user would

ordiii-erli have to Knov iabout its oarticular loaical

oraaniZAtiOr: tne actual n~~res of aetinei relationis, the Actual1

napies of fiells contdined in eicn relation, ana the tvnes of

values Associated witn eachi tield1, 85s s? 11 as Vie Dr a-ma ti c

siqnificsnce of certain valiies Opln,.i assoctatei *itn certain

fields in certjin rel#.tions. Hecause thiesp are all1 somewhat
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arr'ltrarv, ?howver, tr-ey are inessential to the oroblem of data

oAse access, servirvi only to complicate the situation for a given

uiser. If a data nase is knosn to Contain informa~tion about the

nAraeriiru of suinort airtielas daaist airstrikes, then a user

013c".ht to re ahie sir,'rly to .isK "Is airfield XXA hardened?"

witho-it haviroi to harry ;ibout the variouis adlitional details

iimpnsec rv a cQiven relation'al reopsontat ion.

Ihe citticulty 'Aitni trie i'dnlv different ways that relations,

tields arc vAI2ps ;iiqit Pe i.efined for any given data base turns

out to re -a s:e" cio to solvinu tne rnroblem, though. If the

vanriants of a relational retcresentation are viewed from a

linauistic stan1ioni-t, then we can Interpret them as the result

of the variOUS Kinds of syntactic transformations familiar to

nodlural lancuae it CJ). Top strdiabttor;Nari apolication of natural

lAnauace irialysis to relational norrenclatore can therefore Aco far

to T~a~e r~latilo,.l data strluctires it-re transparent to users.

This is ruc, nore, it sIooull be noted, than sim'rply allowing the

queries to a rel-itiourAl data oase system to imitate Knglish

synt ax.

An onvious startini point for studying tranSformationS And

nata rase no:lencl-3ture Is to look dt no* words are combined to

torn tte n~res of relations ino fields in tieneral. In the

cotefxt e)t a iivlen d-iti base, we tendi to see that certain label
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words (nours) seem esneci~lly i ,nortsnt, servini as tne orincioal

obo r,1 Of aescrivtive rela;tion nane s or as ~j si n ki is ln no

aualifiers In ntV relation ;3r,, field nan.ps. Tne~e are in a

sense inivarian~t iin'ier the various lirvjuIstic transforr~ations on

relational cate stroctures; for exadn,)le, a transformvation 'iav

involve re'movIn:; slici a3 Laoei cori f ro'r a relation naine, mut only

to Put it elseo~rere, reriivins k-s .4 reA nioalf ier of f ielci naips In

tne relatior.

F'(ISP AC i IL.. r 1Pn'itn~Xx , 'wiitn~yyy]

n eco 'ie~s

fuselace wilthzyyv)

In riaturial lar1nai e jiscoi~rse, the import-int liaoel AordJs for
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a aiver, ,atd ao usP tenq to navp a aefinite partial orderino in

term;s ot ' eir reiatlve rnsition in iltferent possiole relation

dna tielo rarei: whenevar two suich Idbel oorIs appear in a name,

one alrnst Fl-vs oreceies tr-e other. For example,

,41 'e.>, i' .'. .!d '. 1 T=r.,. Th

,u t rot ,

(rnere is, to :e sure, a hibit in some orancnes of the military

to corstri.ct nou.i nnrases witn bacKxaras noditic.ation, but this

is tinatJral itri resrvect to common us-qe.) The nartial ordering

here Js sj,.rLv a ieneralization of patterns of speech and yields

a natural hierirchv of label words for a liven data base. This

rilerarcny retines a ndrtial semantic analysis of the .descriptive

relation ran-es for the cidta rase and thus also an analysis ot the

nAta relations trienselves.

A hlrrrciiici ecom osicior ot relation names provides the

... ..... ...... .. .. ... ... .. ...... .. ... ..... .. , .e c .. . .. .. . .. ... .. ..... ... ... ..... .... .... .... .. .
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oasis for a simple extension of relational oata structures.

First, we will allow multiple occurrences of label 4oris in a

hierarchy so that it can become a tree (or a forest of trees). A

data relation riow Jescriptively corresponds to a downward oath of

label words in tre nierarchy. 4e can reinforce this

corresoondence by ;faooInq over tne fielo names of data relations

now as well, movini them jo in the hierarchy until they are

semantically depenlent on the concept denoted by a label word at

some level. tithin a relational nierarchy, fielo nanes with a

common latel word rodlifier can re jnalyzed further by creating a

new sublevel for tnat label worl and movinq these names less the

modltier down to tnat sublevel. This nrocedure results in a new

set of data relations, eacn named hy a sinole laoel word and

havinq a hierarchical orderin,.

AIFCfAFT (nAto namexx1, ... I

* .F 1LAGi. (..,]

i V . AE;:,jSIkJ [lenqtI=yyy, ... ]

* N IN(7 [tyoe=tttt, ...J

I .IMFNSjdtN (ihedral anqle=zzzJ

This sort ot structure will he callei a "relational nierarchy";

it could he iore formally derineo as a Partially-oriered set of

relational oata structures witn sin-le-word lanels, wroere the
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nierarchv rovtls tvricai iisaae of Aorls in simple Fnqlish noun

phrases when talKin arout a given riata base.

Ic ortain a reLation nierarcry as a logical inodel, for a

aiven €ic; r'Jse, we first qet a standard relational model for

that data Lese ditr. reltions define. so that all non-Key fields

ot any relationil tjole are tfonctionaily dependent on each of the

Kev flelns ot t;nat ttuie: this is known as "tniro-normal form"

ann call a]avs e IeriveOu for a da-t-i base. Having a relational

rodel, Ae car next nerive a relational hierarchy from the

relatior narps as a.)oVP, sjcstJtutin: synonyms where necessary to

allow as Tcr 'r,iinq as vossiole of downward paths in the

Nierarcry. In tPis way, we iet in effect a maximally factored

trJrd-norfTd form relational (.odel.

As d "inc of loiical data odse rodel, a relational hierarchy

nas tre acvart-tcde of oeinq nracticailv invisible to a user. Its

structure is simply an analon of natural lanquage word

moditicAtion and sroula riot have to ne soelied out for a user who

no's Pnalish ani Rho is a little familiar with the contents of a

olven r4ate rase. Ynat we have done here is to eliminate some of

the oeorees of freedom in i relational approach so as to make it

more cOnPatiDle Aitn tne way that non-expert data base users

mjiqht intuitivelv Perceive information. The scheme is extremely

sinole, rut "in Dractice, it seems to work out Xdirly well as a
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r;-is1 s tr corr itir .ro ir s? t'r , - spose of b.n1iin queries

AIrecte- -A:Inst A fnr:.-tte1 :;Ati r..jse.

~.ivp& r- I-iti'o -1 :aier,,rciips a S A Mse dns o f query

1nterrrftttcr, n~ -t t 1jr -I i -I" tAc;pque~rv facility falls neatly

I-to t,^c ni~ti-ict *),rts: a 1-;4n-'i's le a - . 1Y s is5COm c nrn t t nat

'r s es I rcc'v' N jprir-s -3n -lrzi t)ner int o -1-ta references

r eer i v" r n! r--~io'i ie r Ar,7iv i a L- bo de I and a tariet

trAnsl~trr Cr t,-t ,,a-~s raterences to a looical oatd3 base

'-~ei If to0 rtlrrcps to -n ji L 1-te tir iet dat a o as e. iav ifl a

reitrr i 'ar)r c s n inter.'r'iiate steo) werinits lanquage

AnilySIs, tr :P -ievelOr.e-! at, erpnoent ) trne tarqet translator,

6 n CI t 1.ks ir-ren iont of rtne tar jet 1,i t c ase Itself. Tri s

t4r 6 t Iy F n 4r-,re s ro rtA ,I11 t y o t t ne Q %r f .3c Iiit; a t t 'ie front

z 2 IAn i t er r 1 i -LP 4uerv Ian iuai)e

I r;'-slit in- ar, IOUt ql'*V into an interroediate lanquale is

A'1VAint~cartl. i 1n s.%vera1l 4--ys. Thre ;otimnortant consideration

is oiJrt: if: 1)reiks vo tris muerv o'rocessini r~roolem into

tooC rj r e w. r - i r jp roipces frr'. tre starvipoirit of estiblished

co~rwt.atio>a tecrritajer for cern.rIlitc; :jnd trAnsla3tinl lanquaaes

P r.I to r retr ieviril it ti tnrou1-mn tor nal ruerles. Tr! s sort of
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Ionuldrity .iisy enriances t-e uiltirrate oortanility of a n-atural

lan-104Cw cuerv tacilitv in thst tne Iinut muery processor can oe

oesicrmeo WiItt, -i'iri'r ot djss'I'r tior.S -j h 0i3It 19n A c t '1- tariet

diata tesa.

tornli t, e per sP nc t jv e o t tt,,e user, tn0 a Is ola y o f a n

in t e r .oI F t P t raila t ion is reI n f i), f or verifvirw tniat nuery

Processirc, is i% f-ict -rree-'ir.j Corr~ctiV. Tine oerivation of

r elait Io r.,l r. i Pr-i r c rie s Orn t' e r3s i o f 11 r i s t ic i o a if ica ttIo

ravkes It tair lv easy tor a iiser to unrierstarvi- r, int Pr~iie Iiat e

cuerk It~ oilt reilly nivin jto Knroh all tref tnin is necessairy in

orc'er to corstr~ict one correctly. iere is of course d haz-ird in

e x r o s In a user to so3 5 oI )t tne t Fcti tcalI details of query

rrocessirl, rut or t;je A ,l e , I t sOP s ore rba lonced off t'v

ria Fr, iq n u erv j rocpssini less 'ryst~r lous to trie 1usPr and -q:ivin I

toie user sore control over it.

Ar. altn~ietmer roiferent. lotivition tor irter'neliAte

translatior drises ot'.c-use of rte nee'f to 'seal vitni tne vrrlem,

of pronouns ;4 l1 o to er no OT1"1- e~rress ionS tnat have to t)e

uncierstoo it, contelet. 1-i ' npral, triis reriuires t~iat -in Access

taci lit7 ke ar le Zo s-iv'p rre',iois *jupr tes ir a w.ay th~at alloys

irtornldtiot, to ne axtrictei trntr vie1 Anen nepel- to interpret

retererces of a cirrent querv. Ine initarrediiAte Lliaa 4 form o±

queries turtis otit to neP convenient tor tnis nurrose (spe Section
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4.1 for oetafisl.

we miort Idw 4nl an~al orv Oitf tne siJni lar tecnniiue of

?navina ar intermediate lanuiaue onase in a cnioi ier for a

proqranvmina lan'iuarie. it is a stannari annroachi tar MI~ing coce

optimization easier to in atno for desljrinng coilers to oe

portable; and it can be etfective 'is *ell in otrier lanz~uage

apo1icktiors. i-i opini carefil in tne cnolce Of in interniediate

languace, we can rireatly simnlkfy the nrool~m of Processina any

lanquaie , sorietn inz esnecially i rn~ortant whien dealinq Witn

lingquistic conmDlications on the order of those arisini in

Enalish.

The irtermeliate duerv la nquarge assu'res triat all data of

interest can ne orjinizel into a lofiic; l hierarchy or relations,

where a relation couli ne thoujrnt ot as an anstract record tvpe

with certair defined tie-is tor nol-linq soecific kind~s of data.

For examirle,

Al FCkAF'I [country, rdesifination)

.. k~I~.I[, manufacturer, thrust]
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me Iocic-4l ler-rcny ot an aircrAtt data base with 4

relations Ar( I fields (letiePa.

Am 1terr'e'itite auery is A series of "clauses" reterrino to

SUCh v r :'.rarchy. It Is Pxpressed As a list ot the clauses

tPrf? Iriiterik t no sy'nbol I .

CI.IIFI - I

. Ci I[lS- - 2

* (*fI','r. - n

C.)

A fteceini i clause inricates dependence on a previous

clause; It Is I Kind of continuation mdrkpr. The tirst clause

In an intormeniate -1erv ,Av or may not be dependent; all

suhseOuent clnases in the iuery must oe.

4'
!I
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Kach clause traces d oatn throulr tne relational hierarchy

ot a Oata t-ase, startinq frois trie too of a nierdrchv for

indeper'ert cliauses and rancrinj ott orevio!isly cefined paths

tor aeuendert cl-uses. ach rd-Itn can De t ouint of as

corresponairin to a cnarn of rplational instances (actual logical

data recoros) inatcninq the conditions of A clause.

A clause is exuresseJ in tne qeneral form

1 P2 ... Rn ( An) IQ2....,. KI

where

Pi are relation names in a ota hierarchy

Vi are speclal action AarKers

1 are oredicate a-4iifiers on relational fielos

[enclosen iii square nracKetsJ

Relation names %ill always o one worl loni to avoid

ambiqulty rroblems. rme sequence of relations R1 H2 ... Rn in a

clause must trace a continuous jovnarl cnain in a relationi

hierarchy. for an inlepenoent clause, R! must ne tre top of the

hierarchy. In the relational nierarcy tro above,

". FUIsAGKi

OAI CPAET G "
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"AIRCPAFT F!JSUAGE DIMENSLON"

"AIPCRAFT" are all oossiole legal sequences.

A oualifier Vj consists of a list of field specifications

separated ty commas. each specification is of the form

Fieldrame aritnmetic-comparison-operator value

There are a number of conventions with field names:

o a tieli name in an intermediate auery may have a function

name associated with it, with the function name enclosed in

parentheses. For example, [(maximum) length=*]. In this

case, the procedure Is first to look for a field name

"maxitrrn length"; if there is no such field in a data base,

then tne field "length" is searched for in the data base

mooel and if found, the function "maximum" is applied to all

fields of relational instances to yield a resultant value

for comparison or return.

o secondary Keys enclosed in <<...>> may be part of a field name

in an intermediate query. These may be in two forms,

<<X=Y>> or simply <<X>>. These allow for the value of a

field to be actually an array. The first form <<X:Y>>

selects a column or row or plane of an array explicitly. The

second form allows for field names of the form "X field name":

Web
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it no stuch field exists, then field is assumed to be an array

ana X is assumed to be a parameter for selecting a value

associatively. It is assumed that given X, we can find .hat

parameter it must specify by looking at the array. In other

woras, the intermediate query need not say this exolicitly.

o "s" Is a special field name for how many of an onject

correspondinq to a relation is associated with an Object of

the parent relation.

Values will have associated conventions also. it is assumed

that default units of measurement are associated with fields of a

data base ani that tnese apply if omitted from a value

specification. If an explicit unit is specified, then the

intermediate query lanquage processor has the responsibility of

converting units in maKing comparisons. Exact matches of

numerical values are not mandatory; the data base description

should specify what the rane of exactness snould be for various

fields. (Ttis is not the same as a measurement error.)

For examrle,

designation=!IG-25, countrymUP

length>100 feet
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A value may be the symbol 5, which is the wildcard. This will

match any value of a field Provided that the field is actually

defined for a qiven relation instance. A

marker Mi can be a uniqueness Indicator () or a question

Indicator (?), (0?), (Y/N?) or both. Question indicators,

however, are mutually exclusive. For example,

(U?)

Markers Mi and qualifiers QJ are optional in a clause. It a

qualifier Is null, then It matches anything providing that the

correspondinq relational instance is actually defined.

For an Independent clause, the Procedure for interpretation

is as follows for qualification:

o start at te top of the hierarchy.

o retrieve all relational instances compatible with qualifiers.

o if a lower level of relations is specified, retrieve all lower

relational instances chained to those already retrieved and

havinq Compatibility with qualifiers at the lower level.

o continue this until either the end of the clause Is reached

or no relational instances satisfy a qualifier.

.9
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For dependent clauses, the procedure is similar:

o start at the current place in the relational nierarchv, i.e.

%here the precedina clause stooped.

o try to interpret tne clause as apnlyina to tne subhierarchy

ot relations at the current nlace and referrinl.onlv to

relational instances satisfying the precedinq clause.

o it the first relation of the dependent clause does not cxist

immediately below the current relation, baCK up one level in

the relational nierarchy an try again.

o in tacKini up, retain only those hiaher-level relational

instances chainina with a matcned relational instance at the

lower level.

The procedure for qualification selects certain subsets of

relational instances for each of the relational types soecified

in a query. The markers of an intermediate query Identify what

subsets are of interest, as well AS the type of action to take

with them in resoonse to the query.

o (n!) Tnis specifies that only n relational instances should

match. If n is nreceded by the ooerator '>" or <',

tnen it specifies that more than n or less tnan.n should

match. If n Is olitted entirely, the marKer is for

definitions with a specific number.
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o (?) Cis soecifies that all key fields and all * fields of

the iarkea relation are to be presented to the user for

the matched relational instances..

o (s') rhis asKs only for a count of relational instances

matched.

o (y/n?) nis asks for a yes or no answer, depending

on whether any relation instances match

the conaitions of a query.

For the most Part, the conventions here should be adequate

as a basis for question-answering applications. The only further

detail that needs elaboration is the-problem of reference across

queries, where the first clause ot a query is dependent. This

would work In mUvch the same way as reference within a query, but

with a complication.

The problem with cross-query reference is that this does not

always reter to relational instances identified in a previous

query. Often the intent is that the current query incorporate

entire clauses from a previous auery so as to identify completely

different relational instances (i.e. anaphoric reference). Tne

-Procedure for dealinq with this will be as follows:

o Assume the precedinq intermediate query is available;

-1 TA
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rerve the current one into it, with the current one

surerseiivln it there are contlicting differences.

o If the resilt is the same as the preceding intermediate

query except for additional field specifications, then

interpretation of current query can proceed by applyinq

trcse specifications to the relational instances

Ratched by the Precedino query.

o If a field specification is changed without any changes

in question inaicators or aodition of clauses, then

interoretAtion must start over from the beqinninq with

the Yverqed query. (This situation is anaphoric).

o It a liestion indicator is changed without the

introduction of any nev indicators, then the interpretation

will proceed on the oasis of other changes in the merged

oLerV, it any.

o If a new clause with a question indicator is introduced by

the current auerv, then all unrepeated clauses from the

preceding query having a question indicator and tracing a

divergent path in the nierarcnical relational hierarchy

must be deleted, ana iuery interpretation must start over

acain. All otner orevinus question indicators will be

dropped in any event.

o If no new clause contains a question indicator and there

is no orevious question indicator at a hierarchical level

atove a new clause, then interpretation can proceed

,, , - -, ........ . ,, ... .,L , , .... ..... .. . . .. . :....... ... ... . .
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directlv from the results ot the precedinn intermediate

auery.

o If there is a new clause without a question indicator

below a previous question inoicator combined with a

definiteness indicator, then interpretation will Proceed

as above as If there were no ne4 clause. It the lefinite-

ness indicator is absent, however, then this is deemed

abiouous. The requester is notifiel of this, and it is

assumei tnat interpretation snould start over from the

beginlng with the full rerqed iuerv.

o The default for interpretation witn reference is always

to proceeo from the results of the Previous query.

Examples:

A seouence of queries mitn reference

AIRCRAFT(?) "How many planes

* F GIFE[*=4) nave 4 engines?"

(.)

AIPCFAFT(?)[country=urJ "How many Russian

(.) ones?"

Here we reinterpret from "AIRCRAFT'" level oitn the relation

instances matched there.

!I

............
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A I-CI, A Fr 'O.S:L(;F 0 1 S It.(N[?) length=301 "How many

(.) nave length

30?"

AmtiauitV = lenotn of -enqire planes or lenqtn of 4-enqine

Fussiar. olanes?

Here we wouln assuie toe latter and would Inform the user of that

tact.

z.3 TAr,lp-orrven translation

-ecaue tnh A!- uroject was directed toward the development

ot aenera] nata OdSP access techniques, we had to avoid any

approacr tnht denendeo on any Particular kind of tarqet data

stricture. Inis necame esnecially important in implementing a

oeff.Onstratior, sySte;i, for AOr, tor it had to be clear that its

capitnilities mould apply to larqe, complex Oata bases from the

real world as well as to a snail, contrived demonstration data

base. %e theretore anonted a taole-driven orocessinq strategy

tor A0i, wt.ere i.jta base denenaent details of access would oe

Kept serarate from, tne oneration ot a system in external tables.

Trt, syrtactic analysis ani rewriting of input queries were

easy to randle in tnts manner Decaose they involved the Kinds of

tecnnirues alreaiy evolved tor syntax-directed translation of
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progrimmn languages [H] dno the construction of

compiler-conpilers. In the A9T aDoroacn, an inout query lanqua4e

Is defined by a table of rules of grammar and a dictionary taole

of vocabulary for a particular taroet data base. The semantics

of a query lanluage is defined oy procedures associated with each

rule of qramar and each jictionary entry; these procedures,

encoded as strings to be read by special interpreter, are also

Kept external to a system.

For the translation of natural language :iueries into

intermediate cuteries, the oroblem of AOT was to provide

convenient but vet powerful enough facilities to aetine the Kinds

of grammars and dictionaries required for natural lanauage and

also to provide a flexible parser tnat could be driven by these

grammars and dictionaries. Ohr solution to arammars wat to

express themit usina context free rules with extensions in the

direction of van 'qidnqaarden grammars [13] for additional

descriptive powers; these extensions *ere constrained so that we

could still basically emIloV familiar techniques for parsing

context-free lanquaqes. uictionaries nosed no major difficulty

ai'tn a semantic scheme of strin.; manipulation through text

editino priritives; words could be defined simply as sets of

ASCII character strings passed as arguments to semantic

procedures. Section 3 will describe this is more detail and will

go intd an dpproach to a casic arammar for natural language
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queries.

The A P. prser Plus An internreter for semantic procedures

constitutes w.11t we call the "A'T intermediate translator",

ProduclnQ forai interneilate ,juery strings from natural language

auerles. lo conllete a querv tacility, we need a way of mapping

an interreniate luerv into actual reterences to a target data

base. One rosSibility is to translate it into a data access

lanquaae alrea1y netinen for tie tarqet naser but this is not

always feasirle; a data access language may not always exist or

it may rot be anle to sunport tie capdoilities that we would want

for natoral ldn-luaqe access, or it trav oe too hard to map into,

requirina the equivalent of neinq able to generate programs

automaticalV.

rhe approacn corrently takfen by AQT is to access a target

data nase alrectly, assuaing that it is organized into records or

some similar data construct and that there exists a procedure for

gettin trese records from tne data base. The AQT target data

base translator ,-ios an intermediate auerv into a data access

sequence of references to uarticular fields in particular

records. the raita access sequence is aoplied in searching a

target nata h-ase to retrieve recoras matching specified

conaltlons, an,1 then selected fields ot these records are printed

in response to tne original iuery.

4?L
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Like tte Intermeoiate translator, tne tariet data nase

translator can ne oroanizei is o tahle-irlven scheme. It is a

somewhat mcre difficult oroblem in that there are fewer

established tecnhniaues to draw uron, but from any practical

standpoint, it is unavoidanle. Tne issue here is not only toiat

of making it easier to orin jr a query tacilitv on different

target data tbases, out also that of accommooatina tue almost

inevitatle aroath of a taroet data nase when it is discovered to

contain useful Infornation accessirle in a convenient way.

The esic tazles involved ir tarcet aata vase translation

aefine a corresponoence between fields witnin a relational

hierarcny anm fieids of tarqet data oase records ano between

functional deienujence of fields In the hierarchv and data

linkages 1irplemented in tne tar jet data nase. we cannot actually

descrine all ;)ossimle corresponaences of this sort necause tne

ways of oroanizinq a taret data base are infinite: out we can

accommodate tne nost common Kinds of target data fields ano

linkages wt.ile allowino for the inclusion in a system of special

procedures to nandle tne exotic cases. Section 4 and 5 go Into

this in more netail.
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3.1 Elerrerts ot a ruerv lanqu.vie

ie nave to ne "ore sDecific here anout what we nean by a

natural iar:u,i'ile, for tne Aorda "natural" in thle past has been

apPlie" In a te41Iernc4 variety ot senses. For example, COBOL

is soretires callei natural because it enoloys Enqlisn words

extensivelv, Fr1. 0 [i necause it allows users to extend a

languaoe5, SH4 5 [14] because it can Mfake intellioent interences,

and most systems tynicallv because tnev accept input with a

syntax hased on tie structure of sentences in a language like

Fnqlis!. Ir tne extrene case, naturalness could conceivably be

stretc-em to encompass anytneni not artificial, not associated

witht -nachres.

Ir A0, naturalness has a restricted sense, largely oecause

Ae are sje'r1ticaIlv addressinq tne problem of data base access.

41tn Ary olven data rase, toe Kinds of responses that can be made
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to a query are actually quite limited: answering yes or no to

the existence of data items, giving counts of items, printing out

some combination of fields from selected target data base

records, printing out documentation aoout the data base itself,

Prompting the user where a decision cannot be made automatically,

and displayini diagnostic information about the course of

processing a query. The problem of natural language here

therefore reduces to the question of now to let a person elicit

such responses in a natural way.

From a practical standpoint, we can assume that a user of a

query facility will generally want responses that yield

information from a data base. This means that Queries can be

expected to refer to the structure and content of a data base as

perceived by the user. Relational nierarchies are introduced

here In an attempt to model a typical user's perception of data

bases and therefore provide a way of classifying the possiole

referential constituents of queries, which in our case would

include relations, field names, and literal values.

To Make the scheme here as transoarent as possible to the

user, we do not reouire the user to be aware ot referring to a

relational hierarchy, and we do not of course Put any restriction

on how such (implicit) references to a hierarchy are combined in

a query. we will assume only that Queries will pe sucn that they
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are intelligible at least to the user entering them and that, in

the absence of any other conventions for communication, the user

will use something resembling English syntax.

Our approach to the analysis of queries will first be to

identify individu.l words in a query in terms of semantic

significance in a relational hierarchy: relation, field name,

literal value, and so forth; this will be done through a

dictiorary of query language vocabulary. Then we will attempt to

associate literal values witn appropriate field names, field

names with relations, and relations with other relations

according to their hierarchical ordering; this will be done

through a grammar of expected patterns of words with various

kinds of semantic significance. The result of all this will be

an intermeoiate query to be passed on for further processing.

3.1 *1

To define a query language, we first of all need a grammar

to specify the various basic constituents of the language and now

these combine to form larger constituents up to the level of

sentences. In AT, a qrammar-conslsts of context-free rules (see

[1]) of tie form X->Y Z, stating that adjacent Y- and

Z-constituents together can become an X-constituent regardless of

1
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context, ana X->Z, statinq tnat a Z-constituent is also an

X-constituent reqardless of context. More comolex rules of

grammar than tnis are usually employed in natural ldnguaqe

applications since context-free rules cannot fully describe the

syntax ot these languages, Out tor AQT, sucn rules- simplify

greatly the problem of parsing queries and with a few simple

extensions can De quite adeouate for query lanluaqe description.

A serious descriptive shortcoming of context-free qrammars

is in the number of rules needed to deal with any nontrivial

aspect of natural lanquage. A simple example here is the case of

noun phrases and determiners like "a" and "the." when a noun

phrase already starts witn a determiner, there are syntactic

consequences like rulinq out another determiner in front and so

the noun phrase ouqnt to oe marked. This can be done by navinq a

new constituent type D'4P for determined noun Onrases as opposed

to just hP; tut this al-so leads to a prolerr: because )NP in many

situations is still equivalent to NP, forcinq us to duplicate

many rules of grammar that replace %P with DNP. The problem

worsens with more dimensions for marking a constituent type,

because the numoer of extra rules needed grows exponentially.

Fortunately, there are ways around the difficulty here, and

in fact gremars in AQF employ several of them to Provide as much

flexibility as possible in lanquaqe specification. A simole, out
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Powerful enhancement to context-free rules is to allow syntactic

features to be attached to a constituent type X as a qualifier,

written as XFG,...,]N wnere FG,...K are features. On the

rioht side ot i rule of 1rammar, features specify conditions on

subconstituents that must hold for the rule to be applicable; on

the left, the featlires are those tnat are to be turned on upon

gettina a new constituent through a rule. The attachment of

features to syntactic categories allows a single rule ot grammar

to stand for an entire family of ordinary context-free rules;

this kind of extension turns out to be along the lines of van

wijnqaarden grarimars, which have oeen shown to be adequate for

descritino any lanquaqe recognizable by an automaton [13].

Another enhancement, in sense even more powerful, is

incorporated in tne semantics for a grammar. In AQT, the

semantics of a rule of grammar is defined by a procedure attached

to the rule, as done in tne syntax-driven translation of computer

proqramminc languages 11l. The particular scheme in AQT, derived

from the IINGOL system (9J, allows semantic procedures to

communicate throuqh snared variables. The effect of this is

about the same as for syntactic features in that a procedure for

a rule can execute code conditionally on these variables and

therefore oake tne rule eouivalent to a family of rules with

oifferent semantics. A broader discussion of semantic procedures

for rules of grammar cones in Section 3.2.
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3.1.2

The AQT aoproach is flexl)e enouiqrt to let users define

their own cuery l4nquages from scratch by supolyilnq grammars and

dictionaries. In Practice, nowever, tnis involves a great deal

of work, much of it duolicated in ditferent Ianouage since in AQT

they all will first be translated into a fixed intermediate

language. It Is therefore reasonaole and helpful for a query

facillty to include a basic query lanquaoe grammar at least,

somethina ttat could be elaborated on if necessary.

The basic AQT query lanouage is a subset of English

revolving maJnly around nouns and noun nolifiers, oiven our focus

on data bases doout thinqs rather than events or processes.

Verbs occur in the language, but Play a fairly minor role since

they seldom will map into ainytriina soecific in a relational

hierarchy. Omission of verbs in a querv is in fact allowed ov

AQT so as to reduce the work necessary In enterin a query.

The basic AOT query lanquaqe qrammar mostly deals with words

denoting relations, fields, ani literal values in a relational

hierarchy and now they combine 4itnin noun Phrases. The purpose

of t-he qrapimar was not to be exhaustive, out rather to Provide a

simple, practical scheme adequate for what miaot reasonably be

expected ir the actual querying of data bases. The scheme

1*
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essentially notes that, in a noun ohrase, value references

associate witr. field svecitications and field specifications with

relations, eventually dmountinq to a clause in an intermediate

query. The svstax for tnis kind of association in Enqlish is

quite varleo.

relation tield value

relation "aircraft win~i" "aircraft name" "wing swept"

fielii "lnqth dimension" --- "type X"

value "figlnter aircraft" "124 feet long" ---

TnIs suqqests that a basic query language grammar should be

something simple 1ike tnis:

S| EC]FI IA rIrr->VALLIE

SPvCIF 1CATIO.N->F I FL)

SPECIFICATIurN->IELI) VALUE

SPF~.CF[CA'rON->VALIiE ViE:LD

F, EI;AlI( -PATi->SPECIFICATION ELATION-PArH

LEIATI,,4-PAT->REL ATIO-PArH SPPECIF1CATION

I ELAT ION]-PA Lih->RELAT10iO

F.FLATl:)N-PA rH->)KELATION RELA'O-PATH

QUFRY->H:UAI l L-PANr~

QIIElY->FLA r ION-PATH Q'JJ-RY

This, of coarse would have to be filled out in considerably

more detail. rhe grammar still needs to deal with such problems

I
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as determiners, quantifiers, question word like "what,"

negatives, vero phrases, oreposltional onrases, and so forth, as

well as clarifying the semantic criteria for the applicability ot

the aDove rules. rne basic scneme, nowever, will remain tne same

because of the fact that we will always me mapoina queries into a

relational hlerarcNv.

3.1.3

In Ai, a word is put into a query lanquaqe vocabulary by

assiqnina a syntactic category and a semantic procedure. Basic

syntax words liKe "the" will ne aefined within tne AQI basic

grammar, but vocaoulary specific to a target data nase will have

to be defined separately. The syntactic categories for this are

as follows:

FFL1% A noun identitylnq a relation, e.q.,
"afrcraft." This has syntactic tea-
ture mOD %:iarcinq oossiole use as
post modifier ot a field exoression.

VEPB(HELq A relation expressed as a vero, with
mandatory synt.actic features, e.g.,
"f I y.

ADJ A relation expressed as an adjective,

FLDN A noun consituent of a field name,
which may Include more than one vord,
e.g., "name." This has three Possible
syntactic features:

tAD) = can me head worl of noun
phrase.

MUI)F 2 usually used as a molitier
of head words.

GENP = usually requires a modi-
tier, imnlies HEAD.
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FLL.V A tieid name expressel as a verb, e.g.,
"WP I h. "

FU, FA A field ridane expressed as an adjective,
eo. , "Aide."

% general classifier in a field name
thadt does not help to identify any re-

lation, e.h., "distance."
A -eneral classifier in a field name
contrs utin no information at all by
itself, e.q., "systesn." The syntactic
flaa is mandatory.

FKEI A word usew in many dfferent contexts
to distnqupish different field names,
e.a., "service.,, rhe syntactic fea-

ture eEAIt marKs possible occurrence asI thead word of noun P lrasea

LSi I literal denotin a value for a field,
e~g.," IG-5." [is has two possible

i syntactic features:

i ;IEAO = can be head word of noun

~phrase.
! 4OF = usually used as a modifier

i Of head words.

.-tuuneers need not be defined as literals;
they are automatically recognized as

Scaitegory '4U A.

A user vill not have to be aware of tne syntactic category of -any

+oord Ir. a qgiery. D~efining words by syntactic category will be

the lop of the person who sets up a relational hierarchy and the

translation taoles associated with it. This person in turn,

however, needs to know only the categories listed here, not all

the various cateoories reiuired for a auery language grammar,

3.2 A rarsina scheme

AkT inrut query processinQ is organized around a general
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syntax-driven narsinq alooritnm for context-tree lanquaqes (41,

further auqmented to accept syntactic and semantic restrictions

on the applicahility of rules of grammar in a qiven situation.

This approach keens tho relative simplicity of a context-free

scheme %Ithout beinq forced to recogonize only context-free

lanquages. In fact, te possiole restrictions on rules approach

in cower that of van WiJnaaarden qrammars.

The context-free part of tne AQT parser is taKen directly

from the I-INGO system of Vauqnan Pratt [9]. It is essentially a

bottom-uP (Cocke-Kasami-Younger) algorithm combined kith a

sirulation of a topdown (Earley) algorithm to qet tne best

features of both. It is driven by a grammar witn syntax rules of

the forw X->Z or X->Y Z; the procedure is as follows:

Assure a sentence consistinq of moroemes at positions

0 through L. Lot [X,i,1] denote a phrase of type X

cof.prisinq morohemes at positions I through 1.

Begin at Position 0 with the goal of S, the sentence

start symbol for a grammar.

Let n be the current position. Generate Phrases EZ,n,n]

such that Z is a Possible part ot soeecn for the

morpheme at Position n and sucn that a pnrase of type

Z is compatible with a qoal at position n.

how oet consequences of all newly generated Phrases

[Z,k,n] for current positionn n as follows:
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o For each rule X->Y Z

It a onrase (Y,m,k-IJ has already been generated

and X is consistent with a goal at position m,

aenerat.e a new ohrase {X,m,rI

o ior eacn rule X->Z

It X is Inconsistent *ith a goal at position K,

nenerate a ne4 nnrase EXPK,nI

c or each riLe X->Z

If X is consistent with a qoal at position K,

establish 4 as a goal at position (ni1).

Continue the above until all newly generated phrases ending

at position n have been processed. Then advance to position

(n+1) and repeat until the end of the sentence.

The consistency checks above are not necessary for

correctness, but imorove efficiency by assuring that no phrase is

generated unless It would have been for a top-down as well as a

bottom-up algorithm. A phrase of type X is consistent with qoal

h it an X-prrase can ever be a leftmost subconstituent of a

w-Phrase. The consistency relation can be established when a

grammar is defined and stored as a Boolean matrix.

The rarsini scheme defined so tar is sufficient for any

contekt-free lanquaqe, out tor natural language, it is rather
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clumsy. It Is inconvenient for hanolina grammatical relations

like agreeent and tends to require a proliferation of produ~tion

rules for descrinini qrammtaicdl features in a laniudge, like

Enqlish. To Make the scheme more workable for natural languaqe,

three restrictions can be adoed to tne basic bottom-up parsing

alqorithm.

Syntactic Features Tnese nave already oeen jescribed in

Section 3.1.1. we can easily incornorate them into the AOT

parsina alooritnm by simply testinq tor the aoplicaoility of a

rule for given sibconstituents before proceeding. In a van

WiJnqaarden aranmar, syntactic types inj syntactic features would

correspond to "nroto-notions" and rules of grammar to "nyper

rules". In effect, a rule of irammar is extended to oecome a

family of related rules, allowini contextual linguistic

dependence to expressea compactly.

Semantic Features

Semantic conditions for the applicability of a rule of

grammar for naturil language wll tend to bP less strict than

syntactic Conditions. ve often wdnt to qrade the semantic

acceptability of ditferent rules in a given situation without

necessarily having to reject any of them out of hand. To

accomplish this, it is helptul for onrases to oe associated with
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sets of senantic features, si-ilar to syntactic features but

maintained in an altogether ditterent way. We will allow special

clauses to be attached to a rule of arammar; eacn clause will

specify A conoition on semantic features of phrases for the right

side of t1, the rule and, it the condition holds, will also

specify sepraitic fe3tures to be assigned to the new phrase

aenerated for toe left ot tne rule plus a semantic rating of the

new ptrase. MlIs mechdnism is helpfill in choosino between

alternate Interpretations In cases of a single rule of grammar

doiria double dutv.

Exterr-allv Defined Attrioutes

Toe LINGC'% system uses LISP local variables to implement the

manipulatior of attrinutes in Knutt's scheme of semantics for

context-tree laciuages [7J. Tnese local variab'es are defined in

semantic procelures associated witn individual phrases, which are

executed at the conclusion of a parse to verity tnat it also

semantically acceptable. Nitn local variables havinq a scope of

definition over a jiven ohrase and all of its Subconstituents,

semantic procedures can communicate with each other regardless of

the syntactic inoenendpnce of their respective phrases. kQT

* 1.takes a parallel ao[proach with semantic procedures and local

variables; it allows for variables to be declared, set, and

tested within procedures and for a procedure tj reject a parse if
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specifiea conditions are not met. 'nis arranqement orovides AVT

with most of its parsinj power Deyonn that ot trie basic oottom-up

scheme driven oy context-free grai-tars.

All three of tiese restriction aecnanisms are qjite general,

not at all limited to natural langijaae applications. Our

particular Interast in naturdl lannapqe s'Jguests tnat we might go

even further in tue development of tne parser. This gill make it

less appropriate for certain classes of context-free lanauaoes,

but gill help It to Ue more efficient for lancuages like English,

a prime consioeration wrien wor<inq with miniconputers.

The raln ennancement ot the arser deals with

rignt-recursive rules of oramimar, important because natural

languaop (except for tne sinule case of Japanese) tavor right

recursion. Tne parsing Alloritnm as described so tar would

establish Identical aols for each ot the phrases of identical

syntactic type in a right-recursive nesting, resulting in many

extra phrases being parsed. *e know, however, that only the

outermost phrase in a right recu:sive nestinq need ne considered

In a natural language. The parser tnerofore includes code to

recoqnize tris special case.

Ar enhancement is included also tor one particul-r Kind of

lett-recursive rule involvini an inflectional s-ffix. 'The

- r
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ni ste Ner autonaticall removes suc a suffix as a distinct

morpnene to op oat nack later by a lett-recursive rule of

qraxrar. the resilt of this witn a left-to-right parsing

aluorit1r as in AQ, is tnat all the new phrases generated as

consequence ot te rout ot a .ora fust op regenerated for the

grammatical comtination of tne root Plus a suffix. This special

case Is easily recounized, ino by ludicious relabeling of

pnrases, all regeneration can be eliminated.

"rpese two special cases for recursive rules of grammar and

tne three r.ecaanis iis for restriction described above show the

main tnircs to note in order to iet a broad idea of how the AOT

narser KOrKs.

3.3 Text eoitor semantics for rewriting

because tne oarser in AQ'[ has to translate a natural

languare irrut iuerv strini into an intermediate query string,

the semantic procedures for rules of grammar in 40T need a

general ability to nanipulate strings. As a result, semantic

Proceiures In AvT are defined in terms ot text editing primitives

alona uitr, nasic oroardxmini <ontrol structures. The primitives

reter to two types of data objects: nulfers in wnich strings are

operatpo uporh, an. variables storing a single character, a
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pointer to a strinq in a dictionary, or a pointer to a list of

strina pointers.

Fvery constituent of a query is derived in narsina is

associated with a semantic nrocedure throujh the rule ot Irammar

descriino the constitoent. v:xecution of procedures in top-dogn,

with the procedure tor the constituent corresponriin to an entire

query runnirg first. This vroc.oure ,%ill in )eneril call the

procedures for its ir,neoiate sunconstltuents and tney in turn

theirs, aoino on down to single words with Procedures that can

only insert strinas into a butter or set varliAles.

Prior to inv execution, there is only a sinale e-npty buffer,

with no variables detined. A semintic Procedure cin append to

the current contents of a bufter or sIolit ott d new enpty nutter

and transfer Processinq to it tennordrilv; alono the way,

variables can ne declared, set, anli tested. rransterrink

processing to a new bilffer vasks all previotis butters, and

declarinq a variaole Masks nrevious variables ot tne same name.

Buffers and variables are accessible to all procedures, but must

be deallocated 'pon retorn trom tte nrncedure creatin them,

restorira access to previous liutters and variables. Upon

conclusion of ill execution of all execlitinn, thore is ddian a

sinqle Outter with no vartibles uefinpd, but the butter now will

contain an output strinti.

aAL.
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14ere is a~n examnple of some semnrtic Procedures in AQT:
(lires vreceded by "1;1 are com'ments) *
rule NP->6;E,MEFNT NP)

;SirANF r'Evy CLAUSE

P r6TPRCiDURECAL,

rule N P -),PL,;. " lT
;SrAkr rp-, CLAIJSr"

I-E JEFR.KiP

L.'T-PRCEURE-C ALL

rule E6L:4EJ4T->SPECIFICATiQN
;um2CLAR.E VARIABLES

V A R .

C4 KC K DEPEi4DEACE OFl "ELEM4ENT"

Gr: ET4Q R EL. iv

; lIVF TO4 NIC4 BUFFKP
SPLIT-hUFF iR
;EXFC'JTE F(JR "ISPECLFICATIi]N" IN NEW BUJFFER~
LK r '1-Pk'Q C EL JR~E -C A LL
3 wTUk TO PREVIO)US BUFE
?-, A C K
;C(I"F RELATIVE PATH FOR SPEIICATION
31 4 RELATION' HIE~RARCHY

DIFFER dQ4
; AJL CorTE JTS OFW NEW BUFiFER

;SAVE CU14REPIT RELATION
PO~T OR RIEL'J
;OEPE~aDENCE FROli NtJoe 0%
St T 0EPFN=r

rule SPECjF1IC'FIOpj->L7T FLDN
$ ;UVCTAPkI& VARIArILKS

VAR~ lao
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VAR~ *K

VAR *V
; ~(~CUT 'jR iFLIN FIRS

;SAVF i-slrr
PUT 'dR TK. -W
Pu *F FtVULO

L Y FT- P ROC E rWRkE-1AWr L
;Cq1rXK C'):,PAT[II U['fY OF )qF inn)PS
Gt-r *do TEIAP
SA P. 'a: .dR

APP~ifl.j (

; (FAILS IF FIELD~S NOUTSi )
A PP F.NI) =
;Il SFR LITeRAL

:E41) SifrJTAX FOP CbAdSIF

I SJ T4AT aP HAS 1Uk 1(.;NAL 'V ALUE;
GI1 OR TEA:P
P- ETURI

dict ionary entry R1" L'

;RE:1AfrcI', AS Pt TH U. HIPPARCHY
*J-35F.Q ORH 4IRCPAFT

PINf'vT *F RL
F E O fIi j

dictionary entry "I'4fP-RCFP'r0R LIT
;RELA'fIM! AS PATH Tf. HlF.HAHCHY
SI~tASE0 AR AIRCRAFT
;FFLL) igAME
p3 ttwr *w HULr,
; VAI 4U Il FO 7rRM (iF A P.F ~;~ rr~kk4 T.o MjATCi4
Pt11rvT *V Ah I /
p F i T4 ri1

The procedures here -ire simnplified fromT those in an actual

query, facility, huit illustrate essentially what is involved in
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producino an internediAte query from an input query. The

procedures dSsOciatej with a basic query languaqe grammar in

general will worV entirely with pointers relations, fields, or

values, which will he set hy procedures for dictionary entries.

In this way, the same lramriar can ae used with different

dictionaries; all that is necessary is for a dictionary to know

what variatles to pass information through, In the case of AQT,

only three vAridoles will ne of concern: @R for a relational

path, *F for a tiell, and *V for a literal value. The Procedures

for settirc these variables will be simple enough to be generated

automatically fron input lists describinq associations between

literal values and fields and between fields and relations.

3.4 kecocnizirvj dependence betaeen parts of a query

The I(T intermediate translator incorporates special

features for Jealinq with linauistic dependence in a query. The

most simple kind that has to oe considered is the implicit local

dependence tetveen two subconstituents coming together to form a

sirgle new corstitient; in the intermediate form of a query,

tnis has to .e mapped into an explicit dependence path in a

relational hierarrhv ttiat connects different fields. Several

semantic rrimJtives in AOT help to facilitate this: one allows a

path from the top of a hierarchy down to a given relation to be
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expressed as a list ot pointers as relation ndme strinis

(SUbSEQ); one compares a list ot strina pointers with another

and puts at tne start of an Intermediate query clause tne path

sequence of tPe first wnere it liveries from the second (UIIFFE?]);

and one compares two downwaro Patns and fails if tnev differ,

thus rejectinq the current parse (SASH1 ).

The dependent relational atns flenerated oy these Prinitives

will by desion not oe unamoiquous in themselves because they will

be relative paths reauirinq a context of interoretation. This

ambiaultV, however, turns olit to be useful wnere a field njame may

be defined ir several different relations; instead of listino

all of the cases and trying to figure out whicn is the right one

in the intermediate translator, we enter an amniilnous patn and

rely on intermediate luery resolution in the tarjet data base

translator to cnoose the proper Interpretation in the current

context. 1his Kind af nostponement is convenient because the

intermeoiate translator, navini semantic orocedures b)iilt iround

strinq maripulation, is poorly equipped to make a correct

decision. The approach here allo~s the intermediate translator

to repair fairly siMole while not coTplicatin, intermeaiate query

resolution all that much.

Another processin.1 strateQy alona these lines is used in Aori

for more alonal sorts of aepenaence in asoects of language like
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pronoun reference, definite noun phrases, and some Kinds of

fraqmentary queries. .These Kinds of lanquage usage must be taken

care of In the intarmediate translator at least to the extent of

remucinq ttem into terns expressible within the AQT intermediate

lanQuaoe. 'Ie lititeo semantic processinq in the intermediate

translator rrevents doin:1 a 'ireat deal, but it is possible to

accomplish scmpthini nontrivial and thus simplify the Problems of

Processino further down the line in the taroet data base

translator. This is in tact an advantage of a multi-pass

translation strategy.

To riarcle ilonit lin7uistic dependence in AQT, a number of

special Qlooal variables are aefined. Tnese are like the

ordinary varianles declared in semantic procedures in that they

would olc silqe sorts of information, but they are defined

outside any semantic Procedure and in fact outside the

intermediate translator itself since they must be saved between

oueries. Ire olonal variables keep track of the last relation

and the last field referenced (RELN and FIELD resnectively) as

well as of the relational focus of a query as derived from syntax

ann of the kinds of references to counts. Global variables are

accessitle only through the primitives GET and PUT.

The u!Face of alobal varianles is straightforward. In the

case of a pronoun or an information request like "now many?"

.. ..-I- ,~a m ,. .. ..
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where no relational intoriation is given, tnis is simply tilled

out fron tie Aotrror)riate ,iobal variables and processing

continues as tpfore. There is no ittenpt to resolve glooal

dependence in toe sernse ot actijally findinu1 referents, tnouah.

This is left uc to suoseauent Passes in tie tarlet data base

translator.

3.5 Suprort facilities

The ACT front-eni lanquaie processor 'las several built-in

features tr at slmolify tne taso of iefininq a 4uery languace for

a user.

o Irflectional sternmer

tkords in a query ltanua.e vocabulary Tay often a3vear

with -s, -ed, and -ina inflectional suffixes. AQT

inclules a procedure tnat autoiatically removes

such sjffixes; it recoqnizes over 500 different

cases of word endinqs, s11hstdntiallv wore

than similar procedures on most natural lanauaae

systens. Jnis means tnat only root forns of reqular

nouns ard verbs have to he Pnteren in a dictionary.

o tinoefined literals

Query words undefined in a dictionary can still ne

processed. Tnis is nelpful wlen a taraet data field
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Can take 4 large nu-nber of non-numeric values; AQT

autodatically takes care of undefined words

ccirespondni to data field values when the field is

explicit, anA other cases can be handled with the

a6altion ot rules of ramtar for the 0!4KNOWN syntactic

cpteaorv.

o Strirro patterns

ACT hAs a Lullt-in strinq Pattern :atcher that allows

for concise interrediate lanquaire definitions of words

ccrresoondin to target data fields or values. This is

caitole of matcnini initial sutbstrinqs, embedded optional

sLtstrinrso anI a comnination of alternate string

iatterns. it is especially nelotul for complex

nulti~oro field names or literal values that may appear

in many different ways.

These kin,is of features support a data Dase manager in

setting ur a i1jery facility. This process is unseen by the data

base user, tut it is rtevertneless i;,portant in determinina the

ultiimate usefulness of the query facility. The ability for a

oata base m:afajer to change or to add to a query lanquage with a

minimu of etfort helps ireatly in tailorinq a facility to a

particular set of users and in extendino the tacility when its

applicatiors orow. AltnOuOh this is not as convenient as in some

i
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systems where users themselves can mold a query language, it

should work out much the same 4nyway, assuming that query

languaae will eventually stabilize.

A
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Taraet )ata tiase Access

4.1 Data access sequences

An input piery translated into intermediate form refers to a

relational hierarchy serving as a loqical model for a target data

nase. At this Point, there are many ways to mao the intermediate

query references into an access sequence for the target data

base; tut for portability, it is convenient to adopt a

table-drlven scneme alonq the lines of the AQT parser for input

queries. The necessary tables for this can be made external to

the actual code for a query facility, Keeping the code

independent of any particular data base.

A correspondence between logical fields in a relational

hierarchy and actual fields in records of a target data base is

easy to establish in a table. rhere is, however, a problem in

m appina over the kinds of dependencies defined between the

different fields of a relational hierarchy; for example, the
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connection tetaeen a Key tield and a non-keV field at different

Levels alona a oath ot reiationat hierarcny. iecause the

correspondinq fields in tne tarlet data base May not be in the

same record or even in two directly linKed records, the

generation of a data access sequence with the riont dependence

requires a little work.

The oasis for access seauence ieneration comes from two

ovservations doOut necessary corresponlences between relational

hierarchies ani tarqet data bases. Flrst, it two fields are in

the same relation, then tne tarqet data fields MJst he on tne

same record or on two records connected by a chain of one-to-one

linKs. Second, it two fiells are in nierarcnicily adjacent

relations, then either tne corresoonaing taruet data fields are

either in the same record or one is connected to the other by a

chain of one-to-one or one-to-miny links. This all comes out of

havinq set uo relational hierarchies so tnat non-Key fielas are

functionally deoendent on KeV fields at the same level or above.

Relational fields that occur along the same downward path In

a hierarchy are dependent, and so there Should oe a seluence of

trivial, one-to-one, and one-to-many links connectin4 the tarnet

data recoros 4ith the corresponqini fields. To derive sbch a

sequence, we will benin by interpretinq the direct record linKs

of a taroet data base in terins of a relational hierarchy. Tnit

14!

"wo
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is, me will think Ot tnese lins not only as connections between

different record types, but also as imolicit intra-relational and

irterrelational connections; a link mill be treated as a way of

movina fren one coordinate of (relation, record tyoe) to another

coordinate.

rTo1s %ill -ll ne part ot a logical data molel comoletely

external to a tariet data base. we can cnangie our interpretation

without charaini tne target data base. In general, a given

direct lirkaoe mray me used for moving oet*een several different

pairs ot (relation, record type) coordinates; and of course, we

can always cloose to disregard certain direct linkages altogether

vitn a aiven loaical rodel. A classification of direct record

linkaoes for a relational hlerarcny will be stored in external

intra-relational anj intra-relational link tables read by a

taraet data hase translator.

To avoij combinatorial uroulems, inter-relational links will

ve defined so that tney can always correspond to qoina down in a

hierarct:y; an<i a notion of sublevel will be established for

intra-relationil links to allow a similar downward restriction

for tner, as well. This will assure tnat qenerated seQuences will

be forcel In effect to move doWn paths in a relational hierarchy

ann evertuallV nit bnttom. Tne relational hierarchy here models

a user's p;ercention of access to stored, data.

z
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4.2 A 4-pass Access scheme

Interpretation of an intormediate query strinq oeQins with

its conversion into a resolved Internal form. rhis involves

eliminatior, of any arnmiquity witni relation mames in clauses, the

collection of field references for the same relations, and in

case of an Initial dependent clause, the merger of information

from the intermediate query strini Alth the resolved form of the

previous Query. This nrocess has already been described in

Section 2.

The procedure ror aeneratlng a data dccess sequence from a

resolved internediate querv *111 ne to oroceed nackwards from

fields in the ijuery -s follows:

o LooK up each relational tield soecifiea in

the interntediate query anI apt tne record

type associated with it, the location and

size of the data field in a record, and te

type of data stored there. This inforiation

can be collected in an external field

correspondence table Keyel by field name and

relation.

o If the record type for a field is directly

accessible in a tarqet data base, such as

throuqh some hashina, indexing or
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seqiential access nethoo, then we are done

for tnat field.

0 If a record type is not directly accessible,

tnen Ae neem to get to it via a direct link

tro.q dnothar record tyoe. To get this link

we first look tor any interrelational link

or, it there is none, any intra-relational

LinK for the given (relation, record tyoe)

coordinate and then continue as above for the

ne4 (relation, record type) coordinate. If a

relAtional hierarcny is set up correctly, then

there snould always be a linK when needed.

After apolvinq this procedure for all fields in an

intermeolate juery, tne result is a brancnini sequence of

accesses with a structujre paralleling the dependence between

fields expressel in the intermediate query. The structure will

not be Identical to the intermediate query, however, because a

data relation may encomnass several different data record types

and mitterert relations may ne defined over the same record

types. It is also convenient sometimes to introduce along an

access sequence sone additional logical relations not referenced

in a relational hierarchy.

.Fach entry In the inter- and intra-relational link tables
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will include an encodLnq of the actual access linkage to get from

one record tYpe to another; tor exanple, nashino a secondary key

or following a pointer or skippinq some offset. There is a

potential problem of encoiliny here in that there can oe

arbitrarily mcany tyOpes ot linkages In general, out since only a

finite number are used in any (given tarqet data base, our

approach will he to have a few comnon linkage types Predefined

and allow a user to introduce more exotic types by linKinq in

special code to handle them.

Retrieval of information with a oata arcess sequence from an

Intermediate query will be through a special search Procedure

built into auerv facility. This will use the access seiuence to

traverse records of a target data base making comnarisons of

fields aqalnst oiven auery conditions and extractino requested

infornation where indicated. rne result of this will be a series

of index lists specifvinq record instances by type and relation

that happen to matcn the conditions for an access sequence.

Retention of relational identifiers as a distinction in index

lists is necessarv because record instances listed under

different relational headinas will be selected or rejected in

oeneral by different criteria and will call for different output.

Index lists need to be saveo because natural Lanquaoe

queries may contain pronouns or otner linguistic constructions
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that refer to results of a preceding query. The idea here is in

effect to treat a oenendent query of this sort simply as a

continuation of the orevious query, taking up in the traversal of

a taroet data oase wnere tne other left off. It turns out tnat

this reauires little to be added to the basic data search scheme

since aependence already ,ust be handled within a single query

anyway.

Output can be Proiuced for d ,iuery as soon as a complete set

of matchincy records instances have been collected for a data

access sequence. In the case of multiple matching instances at a

onp-to-many link, our aooroach will he to collect all of them at

the same tire except for multiplicities at the head of data

access seauences; this happens to be a convenient point to save

Partial results for a query when space for index lists is

limited. As for the actual format of the output, this comes

naturally out of the definition of relational hierarchies; each

downward path in a hierarchy, and consequently the corresponding

data access stiosenuence, can be printed out as a third-normal

form relation.

Sections 5 ana b will describe how the procedures outlined

here have been implemented on th AQT demonstration system and

will do into soqe Key problems arising in them. On the whole,

however, these orocedures are fairly straightforward for all they

.1
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ao and can te readily put into FOITRA4,. The simplicity ot tne

basic schehe is a distinct advantaqe-, esoecially In comparison to

what other systems have to -10 in orler to imnle 1ent sinitar

capaoilities.

r

-- -
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Special ProbLems

5.1 Generic seconlarv keys, null Keys

In a tar(let data base, certain values may be stored in

several versions, with some kind of kev distly-iulsmin, the

various versions; for example, "hich count", "low count", and

"best count". Te Keys are typically generic in that they are

not necessarily unique to a qiven class of values; and there may

or may not be an actual target data oase allocation tor storing

the actual key. Proper resolution of these qeneric keys require

Knowledge of hos a target data base Is actually set uo.

It is advantaeous to avojo .havini to resolve qeneric keys

while parsing. This Keeps input query processing independent of

any'tarnet data base application and also simolifies the parsing

procedure. Orini query translation in AQT. generic Keys are

Kept around as oracKeted conponents of their associated field

names until the qeneration of data access sequences for toe data
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base. The Keys are then looked up in a special external table

Keyed ny relation to determine how they actually refer to the

taroet data tase.

Closely relaten to generic keys are qualifiers so general in

a given text tint tney carry no information at all; for example,

"Hussian" in a data base of Soviet aircraft. Tnese null

iualitiers can he nandleo in a data oase dictionary oy assigning

tneff. to a specidl syntactic cateiory tnat is skipped over in

parsina. ":ote that a logical model in selecting a given subset

of a taroet data bise tor access may result in changing an actual

key into null qualifier.

5.2 Numerical comoutation

Ahen aetrinq numerical information tiom a target data base,

a statistical summary of values is often more convenient than a

straight list of them. Accordingly, comprehensive data oase

access facilities usually buill in standard statistical functions

like mean, standard deviation, maximum, a-id minimum. In AQT,

such functions are comouted oy a special module that does all the

work of ioentifyini a function by name, of collectinq the values

tor calculation, and of displaying t"~e results. The module can

be tailored for a Particular anolication witnout affecting the
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rest of the code. for query translation.

The implementation of a statistical module is

straightforward except for a possiole complication with naming.

It is possible for field ot a tarqet iata base to contain a

statistical function as Part of its nane; for example, "maximum

weight" could be an actual storei value. In this case, the

target data base translator needs to recognize that no

computation is necessary, although a user need not Know one way

or the other.

The procedure in AVT for nandling function name cimponents

of a field name is similar to the one for handlina generic keys.

ro avoid cluttering up the parser witn information about a target

data base, the resolution of the function name is postponed until

the generation of data access sequences when field names nave to

be looked up. If a function name is not found as part of a field

name, the correspondinq function will be comouted.

A general arithmetic capability is part of the long range

.plan for AQT. This couLd be implemented by special functions

specified in the intermediate query lanauage tha.t emulated the

operation of a desK calculator. Other computational capabilities

such-as tor generating arapnical displays, data smootnina, and

derivinq robust descriptive statistics in the manner of TuKey
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(11] are also nossimle.

5.3 Arrays

A field in a relational hierarchy may actually correspond to

an array ot values in a tarqet data base. This complicates AQT

data access beciuse it involves anotner level of data extraction

Anen incividual array elzments as well as an array itself have to

be nanipulated. The problem here is to define a general access

scheme that is indepenaent of any tarqet data base.

The tO approach to arrays will in effect be to translate

the multiplicity of array elements in a single record into a

multiplicity of virtual records each with a single scalar array

element value. This is accomplisnel by including an array

element offset value in the index lists of record instances

matchino conaitions of d qiven query. The array offset serves to

identify tne Particular array element associated with a given

virtual record instance.

Although this scheme requires linking in special

user-supplied procedures to compute array elements offset values,

overall it Is fairly straightforward. The only serious

restriction Is that an array field value in a relational
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hierarchy nust oe the only9 field of soine reldtion so that an

array offset is unalitluously associatedi witrn tnat field; b~ut

this is natural since arrays tcypically Are named, Iiinq us a way '

to put it into a relation,il nierarcmy. H~aving~ virtual record

instances costs onLv extra space in, inlex lists; no extra 1/1' is

needed. 5.4 Elit sI
An elliptical exoressioi In natliral lanauaie is an

abbreviated Kind of Iinouistic usaie t',at requires exoansion

sitnin somse context oetore it can be understooi. For example,

vthat is tne lenatn of the Flooier?

The Fcythat?

where the seconi nuery is ellirutical And iaust , e understood In

context as "wtiat 1s ttle lenqtn ot the Foxoait? V'mis KindI ot usaqe

mjakes a lauaje hi'ihly efticient, and so natural qtuery lan-7,uaQe

facilities al4IOSt al'VaVs MaKe some attempt to suipport it throtih~

incorporatlor of speciAl' procedures.

In the AI~f aooroacn , no~everf no snPcxdi Drocelaures are
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reauirpH. Fllipsis is hranaled entirely throucn existing

nrecnanis.i.s for resolvin,4 reference. An elliotical auery is

treateo exactlv like a iierv containin an anaphoric expression;

in tt eir irteredliate for'As, an elliptical query is inerieo with-

tne resolved )recedinu +uery to oroauce a new resolved query.

T'nis oreatly sinpilties -in ADT query tacilitv.

5.b °ilC" coaciti on

Disjurctive "Ooil conditions In 4kieries are inplemented two

itferert ways in 40T. the slrtpier vav is to allow more tian one

value tc be oiven in a tield sjOcification Ot a query, lettina a

pattern' ratch'oer try eacn value in succession aqainst a target

cdta tiela urini a f-'da ease searcn. Tnis would reauire only

tre ancition of i fea rules ia a qujery lanauage 1ramnnar and a

straiartforwri4 extension of t;)e nattern matcning procedure in

AQ1.

,!ore rietprAl dis1onctive conditions in aueries, nowever,

must ue ex-,ressei over sets at clauses, requirinq elanoration of

tne control struct ires in taruet data base translation. The

arproach, in A.C nere is to take advantaoe of Procedures already

used tor handltnqi coreterence. A series of clauses expressing

aitterert "I"i conditions are treated in the same way as series
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of depenoent clauses except tnat a flag is set to allow a

restricteo search on failure to chanqe into an unrestricted

search.

Each set of clauses for single lislunctive condition is

processed separately in target data Oase translation, Out with

display of results Put off until all clauses nave been processed.

This is only slightly more complicatei than the otner procedure

for disjunction, requirtnq only a fe# chanies at the top level of

query processing and the addit a brancn in the code for

searchino a tariet data base.

5.6 Purgiro a context

In Processino a query dependent on a preceding query, we

need to start from the record instances matched by the orecedinq

query, but we nave to be careful about wnich instances we

actually retain. To see why this i-s so, we mignt consider the

following simple relational nierarcny:

AIPCkAFT (nato ndmej

: CfN4FlGUHATIOJv [type]

where AIRCkAF'T to CONFIGUATlrlN iS one-to-many, and the

intermediate q~eries
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AlI-CkAFT(V/n?)(nato name=FloogerJ

* Chr,41CItJATT IO [tyoe=tactical support]

(. )

* AI-CFA 'T(y/n?)Ci-i'ufATI)N (tve=air superiority]

(.)

In the tirst query, we qet a record instance for CONFIGURATION

[tyoej, .ut we do not want to restrict our search of

CI)WFIGI1WA11LN Ltvnei to this instance in the second query, for

then no match will ever he Possihle.

1he rule here is tnat record instances correspondinq to a

relation in a hierarchy should oe purqed it there are query

markers alonn tne nierarchical path for the relation and if these

are all above it. [hiS is a selective purging distinct from that

involved in resettina a context upon gettino an independent

query. It has to be done after results are displayed, but before

the resolveo intermeniate form of the precedinQ query is lost.

The decision to reset a context in aeneral can come only after

the precedina interneaiate query has been nerqed with the new

query.

5.7 Conversational Postulates aovernina responseF
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AltflouIr we can AlwAys Qive a data base user exactly wh~at

was asked for by interpretini queries literally, tnis may not

actually be what the user wantea. In ordinary speecn among

people, literalness is never strictly enforced because we can

usually tell when a literal resoonse is inappropriate oecause we

know %nat is typically expected in a given situation; for

exattple, app-ooriate responses to the question "May I a. your

name, please?" Include "o" ano "Jonn Smith", Dut not a simple

"Yes". These Kinds of exoectations can qet extremely complex for

ordinary sreech, but in the narrov context of interactive data

base access, it is fairly easy to Duil, some ot them into query

interpretatlon to mae it more nospitable to a user.

In AQ1, we can in fact do some things witnout iaving an

elaborate nfodei of exoectations for a data iase user.

o In '/es/no or hoW-many jueries, a user will freauently

want a full retrieval of intormation rather a simple

straiqnt answer; for exaii.ple, in

"Do any fiqnters carry the ATOLL missiles?"

it is likely that the desianations of the fiinters are

also 4anted. ie can in oeneral tell for sure when a

full retrieval is called for, but we can easily enough

prompt a user after makinn a straight answer. Althouqn

this makes a user no a bit iore, it saves havina to
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re-enter a query It tne full retrieval was wanted.

o 6ren tie nunber of matcrnng record Instances in a target

data oase fails to equal a count specified in a query,

it 1ays to io througn a retrieval anyway so as not to

haste work already done. vor example, in the query

"Are there two aircraft cirrying the ACRID?"

ie woilmi adnt to respond even if there was only one

aircraft.

o In full retrievdls witn many matched records, we will

ask the user whetner i complete listinO is really

nesir-jole. A user typically Nill not want voluminous

outrut at a terminal.

ProcecAres for ellipsis can also be mentioned here.

The rule in A'2T here is always to give a user the benefit of

the doubt Ir, a sitoation. None of the features above involve any

tneoretical cifficulties, and i11 are easy to implement. They

are Imrortant, nowever, in tnat they make a query facility easier

to work .ith blt vet they are an aspect of natural language often

neglected in so-called natural language systems.

5.8 On-lire data nase documentation
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WJth natural lanouaqe, it Is possible for a user to enter an

intelligitle query with no references to fields either as search

conditions or as requested intormation; for example, "Tell me

about aircraft.", where "aircraft" is a relation name in a

hierarcry. This query could be Processed like other types of

query, but the results would Pronably not be anat the user

wanted: the target data base interoreter woull simply qo through

the entire datA base and return all the mandatory key fields

above the point in a relational nierarchy marKed by the inout

query. This is a arastic kini of information request even for

fairly small data bases, and on the Anole, it seems reasonable to

allow a user to make such a request only in an explicit way.

On the other hano, -he Qo not want to disreoard a query

without fields entirely or to Print on diagnostic messaae because

the user probably entered the auery in iood taitn, given that

aata case rtr~icture is assumeI to oe transparent. A reasonable

interoretation of a general query without field references is

that it. Is actually a reiuest for ieneral information about a

data oase itself ratner than for a co'nrlete enuneration of the

data base. In tnis way, queries of this type turn out to be a

convenient way to imolement on-line oocumentation for a data base

or at least for a user's logical model of the data base.

Because a query without field references marks a relation,
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It seems arnropriat to resoond with informnation about that

vartic'ilar relAtion na"ne. F~or examole, in th~e case Of

"aircraft", we trinirt Print the names of its Ocey tields, names of

relations ir"'eliatetv nelow in tne Mierarchy and the Percentage

of a diate hdse Dertainiriq to Aircraft. A mnessage of this sort

can be storem in an extern~al tile tar each relation name of a

riierarchv and retrievel m~hen needed.I

4 -

K9
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b.l Purposes

The AQT nemonstration system was implemented to show that an

effective natural lanquiqe query facility could be built around

the simple notion of a relational hierarchy. The basic AQT

algorithms thenselves were straightforward enough so that we

could have kept to presentinq a case for them on paper, but the

immediate reality of the demonstration system is much more

compellina, esoecially for the potential users of a natural

lanuane auerv facility. Altnougn the demonstration system

represents onlv a fraqrent of a full query facility, it shows

*hat can te accomplished even on a relatively small machine liKe

the DEC P14-ii/70.

The denonstration system also served as a major development

tool tor the iesiqn of a query facility.- We have built several

ditferernt versions with extensive instrumentation for experiments
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with various asoects of ituery translation. Almost all work oas

cone in HU$ThAJ ditn d FLECS oreprocessor so as to approximate

the conditiors unier wncn A query tacility could eventually be

implemented. r,11is eave us an idea ot the amount of computation

involved in iderv cranslation and tne amount of sDace required

for it. A OKC PiP-11/70 nroveo to oe adequate for an

imnlementatJon, tnouqn caretu± organization of the demonstration

system was requireo for it to run witnin a 16-bit address space.

we r:Ave derived most or the basic data and control

structures ot a natural tanquage query facility throuq evolution

of trn menoristration system. Here, we shall describe the

depionstratIcn system itself as currently implemented and move on

from this to a discussion of now eventuallv to build a full

prototyre query facility.

b.2 8aslc structures

There are two cateiinries ot data structures defined in AQT:

internal list structures nroduced as intermediate results during

the various st-qes of query translation, and external tables

suppliec by a data base administrator to define a logical model

and its correspondence to a tarqet data base. A description of

these cateoories of data structures fairly well characterizes how

i
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AQT works, since the'algorithfrs o~eratina on these structures are

relatively straiqntforward.

6.2.1

The principal internal data structures of AQT are the (1)

the parse tree for an input auery, (2) the resolved intermediate

query expressed also as a tree, (3) the data access bequence for

target data records, (4) the index lists of record instances

matchino corditions of a query# and (5) the lists of taroet data

fields explicitly or lmplicitlv requested for output in a query.

The parse tree for an input query is a standard type of

phrase-structure description consisting basically of binary

subtrees. The suntrees are built up of ohrase nodes of the

following form:

I index of the rule'of grarmmar oeneratinq a ohrase

2 syntactic cateqory of ohrase

3 starting position of phrase is query

4 pointer to left descendant phrase node list

5 point to riqht descendant list, if any

6 semantic plausibility rating of phrase

7 encoded usaqe count

8 syntactic features

Mel
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4 semantic features

10, 11 riscellaneous Pointer linKs

In the oefonstration systen, each of the above node elements is a

sinole tyte long exceot for tne rule index, which is two bytes

long. A deseenidnt node List 4ill contain a single node except

in case of dibiqulty, when it *i1l more qenerally contain

a.ultiole phrase nodes of the saine syntactic category and

syntactic and semantic features, generated from different rules

of crarnar. T ,is scheme localizes ainniaulty as long as possible

in a phrase-strtucture jescriotion of an input query.

T'he riarse tree nefines an execution sequence for semantic

procedures associated with rules of grammar. The result of this

is an intermediate query expressed as a strinq. The Intermediate

nuery strino is first Printed at a user terminal as a checK;

then it is nassed to the target data base translator, where it Is

converted into a resolved form with all relation names replaced

by explicit references to a relational hierarchy and all

references to fields of relation collected toaether.

A resolved intermediate query is a tree of linked nodes

havino the following format:

1 relation id number

2 ancestor link

3 descendant link
Ii
1!

I
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4 sibling link

5 count specification

6 encoded query marKinis

7 pointer to field list

8 type of link from ancestor

An element of a field list has tne format:

I pointer to field name

2 length of field name

3 pointer to value specification

4 lenotn of value specification

5 link to next element

In a OFTRi3AN? Implenentatlon, each item above wo-id be an

array of integers. Roth links and pointers would oe array

indices; null links and pointers would ne a zero value. Fiela

names and value specifications will be cnaracter strings in a

byte array.

The resolved intermediate form of the preceding query is

used as a context of interpretation *hen the current oury is

dependent involving anaphoric reference or ellipsis. rhe basic

procedure for resolving an intermediate query is to process a

clause at a time, appending the results to that of preceding
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clauses, It any; the qeneraLizAtion for anaphoric reference or

ellipsis is essentially to taKe the previous query in resolved

form as tthe stdrtino point for processing the first clause of a

depenoent query.

From a resalvea intermediate query, we next generate a

target data record access sequence, describing the order in which

we will reao In recora instances trom a target data base and make

co'pparisors aoainst data fields.

Data access sequences are e;Pnerated as tree structures with

nooces as follows:

1 data base record type

2 relation id nu.oTer

3 ancestor link

4 type of record linkage

5 link field offset in preceding record

b link field length

7 units for record data tield

0 type of record data tield

9 data field offset in record

10 data field length

ii count specification

12 encoded query markings

13 rointer to oredicate for data field

IA
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14 pointer to list of o-~tcfhin record Instances

15 descendiant tlr*K

1b siolinj iin'c

In tCjPII'A., t'nis wo.1li oe an intecier arra!. LxnKcS and

Pointers would be array indices, with null vzlue of 0.

AOT uses a data Access seience for the retrieval of record

instances from a tar-iet data base. Fhose record instances

matChina conditions specifiled in tne Access seiuence are saved on

incey lists. rqe nead of an iniex list nas the followinq form'at:

I taroet data nase record type

2 relation identifier

3 count of mnatclin-,j record instances

4 pointer to first instance

Pecoro instances are chained tolether in a list structure

havinq nodes ibith tne follogin2 tor'nAt:

I recorl number for instance

?pointer to predecessor instance alonq data access sequence

3 pointer to next instaince on~ index list

t4 back pointer to Index list neal

5 array element offset
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Tte key point to note mere is that separate index lists for

each ditterert ralation is Kept tor any record type. Both index

list theios ar.o inlex List nooies are oetined as Integer arrays.

The aenorstration systen Keeps all inJex lists in main memory; a

prototyre ouery fAcilIty Woula theM out piecewise onto secondary

storage tor each Iteration tnrouqn a Jata access sequence.

f'rce ue rave i till set ot natcninw target data record

instances for a iati access sequence, we need to extract the

informatlon to ne returned in response to a query. This is

descrinen ttro.Jin I reouired outnit list associated with index

lists Accoroiri to record type and relational Identitier; the

list Is derived fro.n the tield nane references of the original

Input ouezv anI fro,- P tdnle of mandatory tields for output

enuxeraten ny recoro tvae olus relational identifier. Output

list noees aill have the tollojoi.nq format:

I ryte oftset of requested tiela in tarjet data record

d tyte length of fiel-I

3 pointer to field name, if any, in oriiinal query

4 lentn of fiel[. namre

5 oata tyoe of fleld

6 nointer to next reuirea output list element

7 pcinter to function, it any, to oe computed on field

Inis is definP6 as 4n inteaer drray.
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outout Is composed starting '4th a record instance

corresponding to an endnolnt in a data access sequence. *e then

follow nack the cnan of predecessor record instances, extractinq

required fields alona the way. Results are printed as a row of a

multl-columr tanle, 7oinri from ri'mt to lent in order of

extraction. Since followinq predecessor linKs corresponds to

going upwaro In relational hierarchy, this ends uo with more

general tields appearina at tne left.

1o orlve the iuery translation process, we wi11 nave various

tables cescrloing the syntax and vocaoulary ot an input query

lanquage and tie structure of the tdrqet data base pertinent to a

user. These tables are implemiented as external files on the WQT

demonstration svstei for maximum flexioillty, nut for speed, they

could be linked directly witn toe code of a query facility.

There are eiqht principal ones altoqetner in ATT.

(1) aram*ir taole

syntactic rules of tne form A->Y Z are represented as a oyte

array,
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I syntactic cateqory X

I teatures to ue set on 1;:. erattnr phrase ,itn rule

3 svrtacttc categorv Z

4 usaoe coint

5 rositive orecon'Iitions on Y features

6 aro rea-itive Dreconattlons

I rositive rreconnitions ora Z features

4 and neoative nreconditions

and syntactic riles of the form X also as a byte array

I syntactic cateqory X

2 features to oe set on uenerating Phrase witn rule

3 positive preconditions on f features

4 ano neq,itive preconditions Rules X->Y Z are stored on
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lists accordin-i to syntactic cateqory Y. kules A->* are stored

on lists accordinnq to syntactic category v* Preconditions apply

to the teatures of Phrases bein'] comnined tnroign a rule of

grammar to generate a new uhrase. Section 2.3 on oarsing

nescribes these matters in more detail.

(2) oictionary tanle

vocafulary soecific to a tirqet lata nase wlll oe kept in an

external rictionary. An entry will nave the form:

I voro strino

2 syntactic cateiorv of Qorj

3 syntactic feattures to be set tor 6ord as a phrase

4 special semantic tlags

5 special semantic flaos

6 rath in relational hierarchy expressed as string

7 tield name string, it any
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6 literal vdljee strin(, it any A word string will have a

fixed length of 24 cnaracters. Path, field ano value strings

will be variabile lenqth witrh a tinal aelimiter, having combined

lenqth of 132 cnaracters. All other fields will be a single

byte long.

(3) relational mnolel

4tis tarle nescrives the strjcture of a relational

nlerarcrv, the relation ndmes associated with them, and tne

default record tyoe for each relation. Taole entries have the

format:

I relation name string

2 detault record type

3 Index of next relation up in hierarchy

4 multiplicity ot hierarchical linKaae A relation name is a

fixed lenoth strinq of 18 characters. The remaining fields are

integers.

(4) ield correspondence table

. ..... a
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This maps a field name tor a given relation into an actual

nata fielo ot a target aata base record. Eacn table entry has

the format;

I field nAme strinq

2 relation index

3 target 1,ata record type

4 type ot data in field

5 offset of field In target oata entry

6 lenoth of field

A fiela name is a fixed length strini of 40 characters. All

other fields are integer values.

(b) generic secondary Keys

When a generic key corresponds to an actual target- data

value, It is listen in tns table unler a given relation index.

It not listed, it fUSt be Dart ot a field name. The format of a

table entry Is:

t
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I oenerlc Key strinq

2 value strinq

3 relaticon iniex

4 tarcet clata record type

5 offset of field in taraet record I
I

b length ot field 4

Tre key anu value strinqs nave a fixed length of 12

characters. re value string is suostituted for the Key upon a

"latcr.. All other co:nponents of an entry are integers.

(0) relational linK tanles

The inter-relational ano intra-relational link tables will

have entries of the same format:

I present recora type

oresent relation inmex



A Demonstration System PAGE 6-15

3 next record type qolnq Ddckars

' next relation index/sublevel

5 encoding of linkaqe type

6 offset of linkage area In nextt record type

7 size of linkaqe area A potential problem here is the

encoding of linkage types, since there can be arbitrarily many of

these in general. Our aoprodch will oe to have certain common

linkage types oredefined in a query facility and to allo4 a user

to define more exotic types by linKing in special coae to handle

them. All other components ot an entry are integers. Sublevels

are defined only for intra-relational linKs, taKin4 the place of

the next relation index.

(7) record access

A record access table describes now to gain access to target

data re.cords of a given tyne. Table entries have the following

format:

1 record access metnod
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2 size ot record in oytes

3 file ne.ne string

Ir the enonstration onlv standerd FORTRAN I/O is assumed,

restricting possiole access methods to sequential or direct

encoded as a sinile iscii coaracter. A tile name is a 22

character fixeJ lenqth strihia. The record size is an integer

value.

(P4) mandatory fielis

This table Lists record key lnformation thlat shlould always

be orinted to aid a user in interpreting outout values. Table

entries are Integer arratys

I taroet data record type

2 relation index

3 key fiell offset in taroet record

4 key tieli length Mandatory fields apply only to record

type and relationi index combinations occurring before explicitly

requested Information in a data access sequence.
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6.3 Systen, confiijratic'n

The AVI demonstration system In its RSX-114, implementation

is organized into five passes, each being a separate overlay.

The processinq of any query proceeds seqijentlallv through all the

passes. Ihe first nass contains tne AO[ intermediate translator

comprisinq a syntax-driven query Parser alona with a query

language 9rammar; this reads a qruery in Enolisn form and

rewrites it in intermediate form still as a string. The

intermediate form is printed for inspection, and if approved, it

is passed onto the largest data base translator comorisinq tne

remainino tour passes. 'these four oasses successively carry out

the work of:

I convertinq an intermediate query strinq into a resolved

intermediate iuery witn denenoence on preceding

queries made explicit,

2 aenerating a tdrqet data base access sequence from the

resolved intermediate query and from various

translation taoles

3 traversing tne data base access sequence and retrieving

record instances that match conditions-along the

access sequence

4 derivtnq a format for output and nrintinq out fields

requested from matcned record instances.
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Each ot toe five passes is essentially the execution of a

single princlodl aljorlthm. The one for the first Pass of

parsina ana intermediate translation nas already been described

in detail in Section 3. Here, we shall go into the algorithms

for tne tour passes ot the tarQet data base translator. Unlike

the very general algoritnm ot toe first Pass, whicn can be

appliec to a wide variety of problems, these are specific to AQT

and ir tact constitute the heart ot AOT. Most of the AQT effort

was devotea to their development.

o.3.1

The alcorithm tor resolving intermediate queries is quite

simple, consistino mainly of an inner loop and an outer loop.

The overall structure is as follows:

Ster I If a query is dependent, start from the resolved

intermediate form of the preceding query;

otherwise, discard the preceding results and

start anew.

Step 2 (et successive clauses of the current query until

an end marK Is reached.

btep 2.1 Extract successive toKens from a clause until

exhausted.



A Demonstration System PAGE 6-19

Step 2.1.1 For the case of tne token being

I a relation name, look it up in tlie relation name

table and try to find a place for it in

the resolved Intermediate query

where orocessing left off last.

It no place is found and we are at the

start of a dependent clause, qo up a

level in the resolved intermediate

querv and try again. 4nen a place

is found, allocate a ne4 node if there is

none already.

2 a query mark, encode it and store it at the

current place in the resolved

intermediate query

3 a field specification, split It up into its field

name and its logical condition and store a link

to these at the current Place in the resolved

intermediate query.

4 exit with an error it tne above fails

Step 3 Apply the criteria of Section 2.,2 to

aetermine whether to retain target data record

instances from the oreceding query.

Am
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6.3.2

The alooritnm for access sequence ,ieneration consists of an

inner ard outer loop witn an Iterative suoprocedure:

Step I Scan the nodes of a resolved intermediate query in

order of allocation (i.e. straignt interation with

no attempt at a tree traversal).

Step 1.1 If there are field references for a node, then do

for each field.

Step 1.1.1 Look up the field nane In the field correspondence

table to get the record type associated with the

name and the current relation.

Step 1.1.2 Allocate a new acces sequence node for the field.

Step 1.1.3 Look up the current relation and record type first

in the inter-relation link table, or it this fails,

in the intra-relation link table. Get the prede-

cessor record type and relation Along an access

sequence.

Step 1.1.4 If there is already an access sequence node with the

same record type and relation as the new node, append

the new node after it with a trivial linK. Otnerwise,

if there Is already a node of the predecessor record

type and relation, append the new node after It with

the link type from tne link table.
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Otnerwise, 1 thie new node can start an access

sequence, ada it to the list of starting nodes.

(itnerwise, allocate a Preoecessor node, link the

current node to it, and repeat this step with the

new Predecessor node.

Fter 1.1i If there are no tiela references for a relation with

a query mark, 1oOK UP the default record type for It,

aliocate a node will a null field, and proceed from

1.1i as witn an actual field.

Step j hotir Ze the data access sequence so that nodes of the

sAv'e rocord type and relation as a predecessor

node a:e listed first as those coming after it.

Tne access scauence aeneratea by this procedure is in the form of

a forest of treos.

b. .3

rFhe search and retrieval pass of AQf has the most complex of

atl the alooriths in AQT. The Procedure can be broken into two

pieces: a rart for oroceedinq down an access sequence, and a

part tor k~ackinri up along an access sequence on hitting an

endpoirt or exhausting all possibilities for satisfying a
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condition of an access sequence.

The *down* part is as follows:

Step I Read the next target data recora of tne tyoe

specified in the current node of an access

sequence. Go up on failure.

Step 2 If tneir is a field condition, comoare it

auainst the nata record. k;o up on failure.

Step 3 On a natch, allocate a record instance node

if doing an unrestricted search, not startinq

from instances collected previously.

Ster 4 Go up upon reachini the eni of an access

sequence. [)therwise, save the current

record instance ani (o down, starting over

at Sten 1.

The "up" oart is as follows;

Step I If there is a matcri for the access sequence

returned from,

Step 1.1 Increment the count of matches for tne

current point in the sequence

btep 1.2 If the searcn is unrestricted, link in the

record instance for the current place in the

access sequence.

Step 1.3 If the record instance is one of a iuitiple
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set, uet the next one and go down.

Step ]a If there is no match,

Step la.t Plrqe tne record instance at the current point

in the access seqiuence

Step la.2 If the recorq instance is one of a multiple

set, (et the next one and ao down.

Step 1a.3 otherwise, set the matcn tlaq it any record

instances at all are still matched at tne

current point in the access sequence.

bter 2 ,aCK UP in the access sequence

oter 3 It coming from a ;atch and there are access

seuences starting from the current point, go

down the next one.

Step 4 If at the beainninq of the access sequence, the

orocedure is finished. Otherwise go back to Step 1.

Tris procedure starts at the beginning of an access

sequence, going down. A search is restricted if there is already

an index list for a given record type and relation; note that

index lists can be saved from a oreceding query in the case of

Co-reference.

b.3.4



Page 6-24

A Demonstration byster.

Tte tcrmattinq ang rrintinq algoritnm is as follows:

Ste. I it this is a iuery *itnoit soecified fields,

oriot out nata oase aoctimentation and quit.

fitrerwise, scan the data access sequence to

te 1.1 !et all enqpoints ot an access sequence.

Step I.i %;et all ouerv marrers and fielos for which

oltout is requestei.

Stor 1.3 Verity that trere are tatchinq record instances

tor reauesten tields.

ter- 2 It there are no reqliested fields and it is not

a yes/no query, quit with an error message.

Step 3 it it is a yes/no or a now-many query, respond

accorainq to ',atcting record instances and

nromot the user for full output if there were

natches.

stpp 3a ritner~ise, format and print full output as

dpscribed in Section 4.2 it there were matches.

Step 4 Delete record instances from index lists if

they correspond only to points of an access

seiuence after a query mark.

6.4 Settina tin a aata oase

io test Air# we nut together a Soviet tiqhter aircraft data
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base alona the lines of a possiule I nolementation for an SEr

intelligence aoolication. rne cnoice of suoject was influenced

by an earlier effort to nrini ur a similar data base on the REL

system, but our basic aporoach was oifferent. Ne leliberately

avoided trying to construct tre catd Dose to tit 4,jF; the design

was done InnepennentlY by a co-xorKer untamillar witn the

worKings of AT.

The test i-ita nase currentiy contains information anout 29

Soviet fiatters collected from open sources into four basic

record types. For the rost uart, the information consists of

aircraft attributes such as wing span, fuselage lengtn, and empty

seignt aloro witn Keys such as service name and NATO name; tnese

were implemented as simnle fields ot a sinale record type Keyed

by aircraft and presented no major proolems in iuery translation.

Other types of lata had much more co.,lex structure, nowever, and

presented a nalor challenge.

Maximun soeea versus altitude information nad ueen generated

nypotnetically for aircraft oy fittin, a simple single-maxima

approxilmatIno curve to tne known maximun speed, the altitude at

Whior MaxinRum soeed 4as attained, and the service ceiling, iy

tarinq points at altitudes at sea level and up by increnents ot

10,000 feet, we obtained a speed profile of the aircraft as an

- array-of Mach numbers. the array was fixed with a size of 11
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nuRbers, tut mdny aircraft would nave fewer actual values. In

the test nata UdSe, toe array tor an aircraft was stored in a

single recorn tvoe llnKed uy a oointer from the main aircraft

record type.

Te arn aent conticoritinns tor an aircraft were lists of

toe auantlties ot weanons that Mint oe carried on a mission.

ine nu.oex of contiqurations could oe different for each

aircratt, and so could tne number of types of weapons tor each

contiouratJor. necause 4eapons tended to oe common to several

confiqurations ot an aircratt, tne lists ot weapons for an

aircraft *ere reri intot a tree structure to save space; a

jonward rath in a tree wouil represent a sinqle onfiguration.

free nones uere anotner record type, and weaoons data were

collecteo irto a tuartn recorl type to avoid duplicating

informatior In tne tree; pointers to these records were stored

in tree roves ilono with the associated counts.

havino cotten a target data base, the next step was to

construct a relational hierarchy to model it logically. The

nierarchy tinally settled upon was:
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AIRCRA'T

*..ARMAENT

* . CL)JIGURArIJN

* Dtr F".'SIO,

* . • I,E

•".• Iflr.4 iE I 'LCA L LJN

* • . VUFSLAG_

" • TI)E F.I.'fCATIO1 i

• PE'RFORM4ANCE

* • , VIAFR: SIUI

'he relatiotis here were cnosen oecaiuse they are useful In

cateqoriziro tne data in the Soviet aircraft data Oase. 4e also

found it convenient to cetine some hidden relations not appearing

in a hierarchy but occurrina in access sequences to estaplish

"1<
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alternate paths ,avtno different mandatory fields for output;

tnis Is is use! in orintinq armament configurations (see Appendix

H). ]hese hinien relations, nowever, are not actually part of a

logical model.

AM a relitionl nieracry as a looical model, we could

icentift oata items of interest in tne Soviet aircraft data base

vy asslonir fiela ndes to tnem and attaching them to

appropriate reldtions in tne logical model. The model itself and

the corresronnence hetween the noqej and tne taret data oase

were estarlisned oy setting up the various necessary translation

tloles (see Nvpendix 5). These tables were written out as files

to be read Lack murinq query translation.

speed versus altitude Profiles and armament configurations

coiol not be handled entirely trnrouqn tne translation tables. it

was necessary to insert code tor them in an AQT special linkage

module, whIch is called to handle unusual kinds of data and data

linkages. A procedure for speed versus altitude was supplied to

determine roN many valid values there were and to initialize AQT

array element semuencinq accordingly. A procedure for armament

contiluratins was supplied to unravel configurations from their

tree rerrespntation and to write'out the lists of weapons into a

temporary space for sequential searching. Witn these procedures,

the special linKaqe nodule woulo allow access to the first and
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subsequent record instances associated with speed data or

armament without having to Know now tnis was accomplished.

For the display of information, it was also necessary to

define certain virtual fields that do not correspond to any

target data. Ae needed some way to identify individual

configurations, markina where one weapons list ends and another

begins, and some way to show the altitude values implicitly

associated with speeds. This was done oy defining virtual tields

for data records, indicated by a negative offset; instead of

being extracted from a tarqet data record, these fields would be

computed by a call to a special module containing code for that

purpose.

In the AQT demonstration system, the special linkage and

virtual field modules contain all the code dependent on the

Soviet aircraft test data base. The remainder, comprisinq over

ninety Percent of the program lines for query translation and

including all the major AOT alqorithnis, is independent. The idea

of a portable AUT facility readily adaptable to different data

bases, is therefore reasonaole; arid in fact the. demonstration

system shows us noa thi.s can be accomplished with a table-driven

scheme.

t.



Page 6-30

A Demonstration System

6.b Performance

Ajthouoh tne AVT demonstration system was not designed to be

a full query fciclity, it does allow a user to type in a broad

range of natural lanquaqe queries and to qet correct answers back

from an actual data oase. The system is quite easy to use,

especially in comparison to tne data access facilities usually

found on medium-scale processors. (See Appendix A for an example

of an actual query session.) Tne capabilities of the

demonstration system at present are limited by two factors: the

size of the arammar driving the intermediate translator and

uni.nplementen features in tne target data base translator. The

intermeolate translator now runs witn only about 300 grammatical

rules, while basic logical ano arithmetic operations line

negation, quantification, and general comparison of stored

numerical values are unavailable in the demonstration target data

oase translator.

The full demonstration system in its full FIECS FORTRAN

version currently nas a total task image size of about 120K bytes

(K = 1024). Tnis is overlaid extensively so as to run in a

maximur aodress space of 64K bytes on the DEC PDP-11/70. The

system now fills up all the available address space while

running, but we should be able to reduce this requirement in the

prototype query facility oy taking advantage of an external
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dictionary, re-Aucini the amount of instrumentation, and foregoing

some of the array checKinq and tracing options during FIORTHTJ

compilation.

The demonstration has a response time of under 10 seconds

for queries directed at tne soviet aircraft data base. Most of

this is in waiting for data nase records to be read in during the

search and retrieval phase; the target files anl translation

tables were all stored on an RK'j5 cartridge, wnich has a fairly

slow access time. Parsing input queries taKes relatively little

time, almost always under a second; this turns out to be much

less important than delays introducel from tne use of a remote

terminal with a slow comiunicatlions rate. The time required to

read in translation tables from disk files is also relatively

small, mainly because the tables themselves are small.

The main cost factors in running tne demonstration system

are its size and its target data base I/(. On a small machine,

the system can take up a significant traction of main memory and

consequently load down operations, altougn the impact of tnis

should be no more than that of runninq a large FORTHN compiler.

The data base I/O proolem will be much more serious, requirina

careful optimization of Drora.s to avoid unnecessary access to

secondary storage. This is, however, as mucn a proolem of the

target data base as of a query facility; if trie data nase is not
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lesiqne6 to Mace tne requJireu Kinds of access efficient, tnen the

auery tacllity sniulo not ne faulted mucn. Here it may

ironicdly r*e undesiraole to maKe access to a data base easier

for users.

Tne devonstration system as written in FURTRAN is aoout as

portatle as cAn be Pxpected in usinq mostly standard FORTRAN I/0

and avoicinc calls to an operatinq system except for overlaying.

Tne nain proulem in portability will be in differences between

dialects of F ,PfRAN. ire demonstration system employs OPEN and

CLOSE statements ind declarations specifyinq the sizes of data

items sucn as 6,1(;CAu;i; these were necessary to implement the

Kinds of data *ranioulation reauireo. in AQT, but will not exist in

mdny FOkIPA!, compilers. Tne situation is improved consijerably

by the F'{J I'A 77 standards, but for fall portability, a system

would Droratly nave to isolate Tucn of its data manipulation in

intercraneeanle modules. fne issue of how mucn portability to

aim for will hve to oe addressed in the subsequent development

ot a full aoery facility.
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SECTION 7

Comparison with an S&T iata ease Communication Facility

ii
I 7.1 The User Communication Systern

This section will review the functional design of the FTD

User Communication System (Usercom), a comoonent of tne FTD*

update proqram. The puroose of tnis review is to identify

features of the Usercom design that differ in approach from those

of AgT, ano to indicate possible advantages or disadvantages of

those features.

Since Usercom exists only as a functional design, there nave

been no operational tests to determine the effectiveness of the

approach. For this reason, the tollowlnq review must oe taken as

suggestive, rather than definitive. It is intended primarily to

hiqhlight those differences in design that mignt ail in maKinq

AQT more responsive to the needs of potential users, and it is

not intended as a critique of tne usercom design.

AIL li
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7.2 Evaluation Criterio

At the reiuest of PAJC, a number of criteria were suggested

for the evaluation of user interface languages for data base

manaqgftent systems. In somewhat modified form, tne criteria

suggestem were these:

7.2.1 Ease of Uearninq

A prifrary a3vantaoe of a user interface language should be

the ease with *nicn it can be acquired and reme~noered by the

novice or casual user. The time required to learn the operation

of a seouence of function KeVS should be comparable to the time

required to leirn a natural or artificial lanquaoe for accessing

the same odata to a conparable level of effectiveness.

Note that some Period of training will be required for any

intertace larjuioage, even though implementors of natural language

systems sonetimes assume that users require no training, since

the lanauage is "natural" to them. Such an assumption could

actualJ make it more uifficult tor the user to employ such a

system, if it includes undocumented requirements, restrictions,

and idiosyr-cracies aosent in human languages. A well-designed

selection ot user-oriented function keys could then be easier to
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use than a "natural" lanauaoe.

7.2.2 Power

A system is netter to the degree that it can process more of

the queries that can ordinarily oe exoected in a specific

application. Conversely, If tne user finds it inpossible to

extract information clearly contained in, or implied by, a data

base, then the query languaqe will be less useful in that

application.

The last words snould be emrhasized, since additional power

is undesirable it it will oe unused. For example, a complex

parser will be superfluous if nearly all tne queries take a very

small number of syntactic forms. In sich cases, the use of a

relatively small numoer of function Keys may be considerably

easier than tne use of a sophisticated system tor analyzinq

natural language. A large vocabulary is not useful if most of

the words are never actually encountered. Unneeded Power will

simply be a waste of resources.

7.2.3 Vase of Ise

An "ideal" natural lanauage InterfAce ShOuld accept a
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problem statement in any words that the user requires. A

fornalizeo artificial ldniuage may require extensive reworking of

the problen statement in order tu fit the specified formats.

Althouqh this criterion is sorevnat more "subjective" than the

tirst two, it is i1nportant; users will become discouraged with a

system that lemands extensive work in gettinq the problem

formulated correctly.

7.2.4 Correctness

This evaluation criterion is intended to locate instances in

whicn the user enters a auery with a straightforward English

lanQuaqe n-eanin(i, but whicn is oliven somen otner meaninq by the

system. To take a ratner artificial example, suppose that the

user asks: "Ho- many 41G-17s o the Vietnamese have? What is

their ranae?" If the system were to interpret "their" as

referring to tne Vietnamese rather than to the MIG-17s, it could

produce output tnat was wildly incorrect. Such errors may be

more serious in a natural language syste.D than in an artificial

lariquace system, since the chance for misinterpretation of

natural larguaie may be greater.

In an important article, Cnristine Montgomery has pointed to

one ot tte najor weaknesses of tne natural-language approach:
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its notorious inability to deal witri tne fractured qrammar,

misspellinos, and qeneral Ill-fornedntss of qenuinely natural

language, the lanquaqe that actuallY aPoears in inouts to real

systems. (?Montqoterv, C>A> "Is iatural Lanquage an Jnnatural

Query Lanquage?', operating Syste'rs, Inc., *oodland Hills CA

913b4). T1is point ot view clearly provides some of the

incentive to levelop lsercom as a system orqanizel around

designated function keys, rather than around natliral-lanquaqe

input.

In terns of the evaluation of a functional design, this

criterion would apply to the liKelihood of user error, given that

the software functioned as specified. Ahat is the probability

that tre user #ould type misspelled words, incorrect syntax,

wrona function Keys, ana other erroneous inout?

7.2.5 Vaturalness

The language should permit the user to employ a natural form

of tne language. rhe REI, system, for example, sometimes requires

rather stilted Englisn: "ilho are the snipoers of shipments whose

cargo type is general mercnancise?" (Thompson, Rozena Henisz, and

Thompson, Frederick H., "Rapidly Extendaole Natural Language,"

Proceedinas, ACM National Mleetinas, 1978, pp. 173-182.) Thus a
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natural lanouaie system could be less "natural" for the user than

a set ot clearly-detined function i eys, if tne latter bore some

correspordence to the user's own definition of the oroolem.

7.2.6 Helrfulness of error iressages

Nden tp svste. tdils to interpret a query, the response

shoulo be one tnat assists tne user in reformulating it (cf.

Coad, F.F., "Seven Steps to Pennezvous with the Casual User," IBM

Research ieuort k," 1333, Jan. 17, 1974). An uninformative

messaqe, such as "En?" is better than no message at all; but the

system sr'oults oe designeo so tnat failure to produce an

accentable interoretation should retain sufficient information to

permit a reasonable response to the user. Because it is

sometimes oitficult for a system to locate the precise source of

error vherk an interoretation fails, it will be important to

evaluate tre correctness of error ressages in an implemented

system. In the evaluation of a functional design, of course#

correctness woula be difficult or Imoossible to determine;

nevertheless, a review of proposed error responses aill indicate

the likelirood that they *i1 be of value to the user.
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7.2.7 byster. *-tpacity

Since rar9, .1,eStion-A-soTrin- s\~teTs nmive neen developea on

an exper ir ent aI)A is. S, .i tf very s1,41 1 .-t i hAses, it is

Lnootaflt ro oettor-'ie wn~etrnr tnev cai oe 4~nplie.7 to ridti bjaseS

we I I-Kn o wn SkLIJ Oo era t e A Jt ') v o C.i r)-r y o t mnly 2-H w ord s

(cf. njro qr ai, f e rry v in e rs5t an n 'i t u rd uanriu - ge, e Y o rcK

Acaoernic Press, tq 12.

In tre eviLlAtton of -3 tinct±oryil ne s I~ Eere snouldi

tnerefore t~e So're Jtr.iCatior, t:-)it tile 1psiin can ne Ario.lted to a

data riase ct siiricrint size -- Prnouin to vairrant tne erost of

im~plementat ior.

,does tte susten oer~'it tile user to insL'ect trie ijery -3t

intermel~iate o~ints -- say, oet~ieeri to)e ti~te toe qjiery nas oeen

translated into -in inter'v-lI-i n-iuae Anio the titlie t )At Act ual3

searchira Opin'? For trie Tore emneriericen user, it wilil ce

Inmport~rt to re inle to Locate e-rrors in retrievals netore tney

occur; Ir -articolir, to locate errors tatorp tftey SOdK 110 hours

of wastedl rachine time.
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At the Sd ;e tiTP, tnr trie caSual user witn a relatively,

sji*ple C-UPrY, tre Oooosite virtue Is needed: transparency of

on'eraticn. kOr tne cisutil iser, t~ie inner worKinq of the system

is ot little interast. It 1is oniy Anen somietnina flds Lone badly

wrono ttrat suci -i sj er Ni1 I wnt to step tnrouin tn-e djetails of

ttne retrit-vai, 13nd er tne iol~iance of an exp'erienced user or

system 1-,raurr, to ioc~itt% tne torecise point where -in instruction

was mrisinterrrtei.

It srouln1 r'e r-ossioie to revie* nardcopy outout tram a

retriev61 session, itter several months, an1 to ne able to

interpre't tne oali ot each auery. It Would ne unfortunate to

recelve severil oeilititully formatted, caretully olotted charts

or orarts .It~t iny intorirition concerning ttieir ournort. A

"laJor acvafltd e ot a n,ittural lanauj',je systemi stiould b~e the ease

ot recir o~1rectly, trom toe queries and the responses, exactly

WlnAt tre user tas tryinQ to tind o:it. $inilarly, a system Il'e

1sercom shoujo orovi le o- toot tht is easily interpreted Dy the

user.
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7.2.10 Abbreviations and Shortcuts

For nany users, typing mAV be a difficult and lengthy

process, Is it possible to aboreviate tne auery in sucn a way as

to Permit much shorter inout? For example, can minor function

words ("a", "the", "is", etc.) be onitted from tne 'iuery? Can

the user or the system mana4er introduce aobreviations for

frequently usel terms and nnrases? 4ill tne system orovide

pre-defined function Keys, tor example?

7.2.11 Notational idiosyncracies

Does the lanouage require a large number of notational

devices and soecial formats or symbols, ahich might detract from

concentration on the nroblem (Cf. Sanmet, Jean E., Programming

Languages: oistory and F'undamentals, Enalewood Cliffs:

Prentice-Hall, 19b9).

7.2.12 Resource Requirements

For a given data base, what are the requirements in terms of

primary and secondary storage, central orocessor time, terminal

time, and peripheral time? Can the system be implemented on

small or nedium-sized equipment, or aoes it require a very large
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comouter waintrame? Uoes it require a dedicated processor, or

can It te time-snared with other processes?

7.2.13 Portability

Is tne system available in a standard language available on

a variety ot macnines likely to be found in the intended

installations? Is the coding Righly machine-dependent, or does

it make use only of wi'jiey available features? Is

special-purpose nardware required? Does it normally operate with

widely-used terminal eouipment?

The following items are reaarded as somewhat beyond the

state of the art for operational systems using large data bases.

They are, however, in use for smaller, experimental systems and

should be considered typical of many desirable options.

7.2.14 Spellln4 corrector

An etfective editor is oetinitely not beyond the state of

the art, and should oe regarded as a oositive element in any

implementation. fn audition, techniques for modifying minor

misspellings (ana informing the user of chanoes proposed) nave

Peen used in correctinq student programs, and May be applicable
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to data base manaqement systems. wnen a spelling corrector fails

to locate a wor in its vocabulary it would not only print an

error message, but would also suqgest some Possible alternative

spellings. If they were accept.able to tne user, they would be

substituted automatically.

7.2.15 Cooperation with User

"Cooperative" i used to describe a system that attempts to

anticipate the user's information needs. (Cf. Kaplan, S.

Jerrold, "On the oifference ietween Natural Lanquaqe and High

Level Query Lanquaqes," Proceelinos, ACM National Meetings, 1979,

pp. 27-30). Consider the followinq answers to the question: V.

Which Cambodian oases that can service neavy oomoers can also

service tactical fighters? Al. None A2. No Cambodian bases can

service heavy bombers.

The seconi reply obviously Provides tne user with an

important piece of information tnat is ignored in the first

reply. (Cf. Belnap, Nuel V., Jr. and Steel, Thomas R., Jr.,

The Logic of Questions and Answers,. ;ew 14aven: Yale, 1976; and

Lehnert, wenay, The Proces.s of Question Answering: A Computer

Simulation of Cognition, New YorK: Halsted, 1978). Determining

the presuppositions of the user's query would be an important

Ii
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feature ot a systen raaKina a siqnificant contribution to the ease

ot maKing queries.

7.2.16 Approximations and Near-misses

(Cf. Si'lossy, Laurent, "Impertinent Question-Answering

Systems: Justification and Theory," Proceedings, ACM National

Meetings, 1978, pp. 39-44). Consider the following pair of

responses:

Q. Abat Chinese troops are now active in Cambodia?

Al. None.

A2. None, but tne Third Division is stationed five miles

from tne border.

The second renlv helps to qive the user information that

might well be relevant, out wnich did not appear in the query as

it was first formulated.

The last tnree features maybe taken as examples of work that

is actively veing pursued in research in artificial Intelligence,

out which Is not yet ready for incorporation in large data base
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manaqement systems. They seem to require resources that far

overbalance tneir apparent oenetits; and there is some

likelihood that they will orovide intoleraole levels of

noise--i.e., unwanted information. Inese and other experimental

features sh-ould nevertneless ne taken into consideration in

evaluating conoetinq cata oase access lanquaqes.

7.3 Review of Usercom

The sixteen criteria that hiave oeen sugqested here may be

used as the oasis for a review ot the functional design of

Usercom, with empnasis on useful features for incorporation into

the Advanced Juery Facility. The paragraphs in the following

review have been numbered to correspond to the evaluation

criteria.

7.3.1

Usercom may be somewhat easier to learn tnan inilht appear at

first, to the extent that it follows the normal sequence of

activities now used by analysts in proucinq FrD's reoorts. For

new analysts, the traininq procedures Could well be built upon

the use of automated aids in retrievina, manipulatinq, and

formatt'ing required information; such a training proqram would
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not oe Intrinsically wore ditficult thin a program that relied

wholly on manual procedures.

in the absence of user experience with Usercom, it is

particularly difficult to determine the ease of learning. It

nevertheless seems to Present several problems from the point of

view of hunian tictors:

o IUsercon requires the analyst to use a sequence of

special Purpose function Kceys, alternating these

witt names that are entered through a typewriter-

like Keyboard. The sequence of entries is rigid.

resembling tne required sequences of a programming

larquaie. Because of this riaidity, users

adverse to learninq a programming language may also

tind it unpleasant to comply with the sequence of

actions resiuired by Usercom. Tney may not like a

ricia, somewhat arbitrary form of input.

o Alttiou';h Usercon reduces the amount of typing re-

quirei of the user, it does not eliminate the need

for typing. Un thle contrary, the user must first

press one or more function Keys, then must transfer

to the typewriter Keyboard, then move back again to

the fuinction keys, and so on thraughout tne input

session. For an exoerienced typist# this Is likely

to be ratner frustratinq, bec~use he cannot keep his
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hands in the normal Position required for toucn

typing, and must relocate his hands before each

typewriter input. For such a typist, locating and

using a function Key may be more ditticult than

typing a brief function namae at the Keyooard.

o The use of Prompting messages on the screen will be helpful

to the oeginning user in preoaring the input in the

correct sequence. it may oe difficult, no~ever, for

the user to look at the screen, tnen look downward and

refocus on the keyboard to locate the correct function

Key, tnen look up at the screen aqain, and so on.

Differences in lighting between the screen and the

keyboard may cause some eyestrain over a long period of

use. An experienced typist would prefer to leave his

hands in the normal position, without looking at them,

rather than have to fhist his vision from screen to

keyboard oetween each use.

Like other human factors considerations, these comments

would have to be tested in an actual implementation of Usercom to

determine their applicability. From the point of view of AQT,

however, it does not appear that there are features of Usercom

that could be adapted to improve ease of learning. At worst --

pending tests with actual users -- the AQT natural-lanquage

approach does not appear to be significantly more difficult to
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learn.

7.3.2

The power ot the lIsercom system may be limiten by trie number

of function Keys available in the Particular hardware

contiquration cnosen. Hiowever, the r~ost serious apparent Problem

is In the update of the system' as ne4 functions are required and

old functions are replaced or eliminated. Since new function

Keys must be designated, new tety-plates will oe required.

Usercom, however, plays a strictly limited role: it is not a

general purpose user interface, but an interface tailored

specifically for access to STIS by FrD analysts. It requires

precisely as miich tower as is needjed to extract and combine data

from the S115 data base and to Drepare reports that needed by

FTD. more power tnan this would be wasted. In addition, after

softie user experience with the system, it could be expanded to

include functions tniat were needed but not included In the

Initial breadboard system.

The Usercom qoA) is therefore rather different from that of

AQl, in' that A-.)r is IntendIed to provide in easily portaole system

for use by Persons with a variety Of baclcgrounds ind needs in

accessing data hAses of ditferin4 designs. Jsercom would be
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optimized tor access to the STIS data base, for a user group

l1amted to F£D analysts. Since goals of tne two projects are

quite nitterent, comparisons in terms of Power would be

inapprolriate.

7.3.3

rhp ease of use of tne Userco aporoach snould be a primary

advantaue. without operational testing, of course, it would be

prenature to attempt to determine user acceptability.

Nevertreless, there is a stron4 argument to be made In favor of

the use of function Keys, rather tMin the requirement that users

type function names on a typewriter style Keyboard. This

approach shoud appeal Particularly to those users who find typing

difficult.

Arquntents for the usercom approach suggest a need for

tdcilities uithir AQT that will help to improve it ease of use.

Prinarily, suci facilities are intended to reduce the amount of

typing and tiereby to make it easier for the non-typist to use.

Specifically, AQT mitiht consider:

o Use ot anbreviations. It should be possible to use

just one or two letters Ot 3 command word, rather

than the whole word. For example, .f" might



Page 7-18

:omparison with an S6,T Data aise Communication Facility

abbreviated "find", and "hm" miqht aboreviate "how

many".

" Tolerant syntax. AVi shouli do no more parainq than

is necessary to set up the re, uirel searcn routines.

Omission ot a function word ("tne," "and." "is) .should

not cause Droaram failure. The user should thus oe

able to employ a very concise format for queries.

o Since misspellings way occur, it will be important to

be able to deal witti them without causing the user in-

convenience. For this purpose, a good text editor

will oe of assistance. In a more amiltious approach,

a spellinq corrector 'aight oe employed, to cnecK inputs

against a list of common misspellinls, or to locate

other words with speliinqs that are similar to the

input. liecause ot tne liKelinood of error in a spell-

Ing Corrector that deals wito unrestricted natural

language, It will be essential to secure the user's

agreement before making changes. For example:

Is Chine still using fiG-17 fighters?

"Chine" not found. Do you me-in "China"?

yea

At this point, an editing routine would suostitute the

suggested spelling into the query and Proceed.

Use of aids such as these could make the AQr natural-

language approach as easy to use as the Usercom approach.

r'
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7.3.4

dy "correctness" is rneant tne aoility of the system to

interpret a user's intentions in ways that are ,satisfactory to

tte user, ways tnit carry out the user's intentions. The

criterion refiects our aissatisfaction ititn operation of one

major natural-lanuaqe system in 4hicn the system sometimes

tailed to understani jueries anu proauced incorrect parsings. In

such cases an incorrect ans*er mould be returned to the user

without warnini3.

Ine Usercon aoprodcn renresents one way of avoiding this

Kind of error. Jhe user is .ilven tne responsibility of preparing

a nuery in a rigid, unambiguous form, which the system can

internret arid execute in only one way. When errors occur, they

are more likely to oe user errors, caused by a failure on the

Part of the user to employ the proper operators in the correct

sequence.

Frrors in i naturai-language system are likely to be of

another oroer. In such a system, the user uses whatever phrases

and torn-s he would normally use in formulating a query. The

systen then has the responsibility for tr'anslating these into a

formula rearinqful to the system, rhis translation process is

difticult, and is suoject to tne errors that normally occur in

Vl!P
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natural larguagje -- the result of amoiguities in words

(equivocation) and sentence structure (amPhtOoly). because of

the coffplCxlty ot natural lanquage, there will always be

sentences ffeanin-iful to tne user that are incorrectly interpreted

by the procrai'. Tne problem of Pronoun reference, for example,

is particularli ditticult.

in coparina tne AQT approach titn tnat of Usercom, then, we

are comrarini alternatives aith very ditterent sources of

potential errors. In lUsercom, errors are rost likely to occur as

the user attempts to translate an Information reiuirement into

the lanauaoe of the system; in AQr, errors nay occur wnen tne

system interprets an input Incorrectly. Pertorwance in usercom

is likely to improve as tne user learns iore about system

requirements ana is retter anle to tailor iueries to fit tne

system. In AV'I, verforutance imoroVes witn time as DldusiDle

errors are identified and the systei is Improved. t!.xperience

with oth.systems, Usercom and AOT, is required to determine tne

degree to whicn errors can he reducea or eliminatei under either

approach.

T.".5

The Usercon apnroach to system desi~n detin~s "naturalness"
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In ternts ot tne ndtaral seqdence of activities that tne analyst

certors. It is intendpd to provide ootions in an ordering and a

tormat thAt corresponI to the 4ay in of analysis nas lictated the

aesiGn of the systen.

"faturalriess" in A)l hai a some~nat different meaning.

4ere, it refers to how a nuan user normally phrases a query.

ne use of relation,11 hierarcries to nodel a data oase was was an

attempt to Proviae a close dpnroxiiiation to tne way bumans

norTally fcr:,uiate tneir queries. cecause ot these differences

in -iproacr, tne iegree to 4nicn tne naturalness of one system

can re tramsferrel to tne other is not Ireat.

Tre ibelpt,11ness ot error -iessages would Lie an important

criterion tor review or a runing system. At this time, Usercom

exists only ir. tne form of a iYeneralized system description,

%nile A01 pas neen imolemented in a demonstration system. In

neltner case is there sutticient experience to be able to

determine the nelpfulness of error messages.
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7.3.7

Again, there are no firm data upon which to base estimates

of system capacity. botn Usercom and AVT have been designed for

eventual application in tre production environment, where data

bases are potentially very larqe. It will oe assuner tnat both

systems will te capable of dealinq with very larqe data bases in

tneir operational versions.

7.3.8

Visibility of operation SnOUld be interpreted as meanini the

ease with whicn problems are locatea -- particularly problems in

the interpretation and execution of queries. This problem does

not appear to arise in the Usercom approacn, since the primary

locus for errors would be the user's interpretation of a query in

the language of the system. In AQr, the approach has Peen to

maximize the transparency ot tne system to the user, who need not

be aware of the structure of the data base, or of the specific

procedures that are used to extract information from it.

Both Usercom Ind AQT, then, rely on transparency rather than

visibility as a desideratum. Further experience with both

systems Should snow whether there is actually a need tor qreater

-. aa.L
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visibility, i.e. tne oegree to which tne user can see exactly

what tne system is doln.

7.3.9

usercom does not appear to be selt-documenting in the sense

of this criterion. It would be rather hard tar an inexperienced

user to determine tne intent of a six-month-old record of

interactions with the system -- if, indeed, the user dialogue

woula De retained at all oy the system.

AQT Is aesianed In such a way as to be selt-documenting,

since tte full dialoque will Provide even the casual reader with

a clear picture ot the original query and ot the system's

response. This documentation will be ot value when it is

necessary to determine tne meaning of lengthy tables, charts, or

other output tnat coulo not easily be regenerated.

"4,3.10

Avbreviations and shortcuts were suggested in item ?,?

above as fetnods of reaucing tfe need for lengthy typing.

Usercon, represents an approach 4here all malor system functions

are supplied tnroueh tunction Keys, representing an extreme form

£j
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of abbreviation. Ar has a very toLerant svntax, pernitting the

use of aboreviated, telegraphic inputs as long as they suffice to

disambiguate the query; no ri,4ii adherence to Enqiisn grammar is

required. (nis aporoach Provides a resoonse to tne position

taken In Ct1ristine montqomeryos paper, "Is iatural banqu..ige an

Unnatural Query Ldnuage?")

7.3.11

AQT is aesiqnei to be free of notationsl iciosyncrdsies that

might detract from concentration on the problem. The

natural-lanquaje approach is intendea to free tne user trom the

need to empioy a specialized syntax or set o symbols.

Usercom uses a rather difterent appro.c,, Ift 'ilCfn :h-

specializeo syntax consists of a seiut.ce ot Keys to Perform

elementary functions of the system. A pro- rnmin1 option permits

the user to Jefine functions or inacre that comnine tnese

primitive operations.

ItIs criterion was suggested is a resp nse to commnents oy

Jean E. Sam-net, in ner Proaramwin4 Lnguaes: iiistory and

runaamentals, where sne points to the use o, curious or difficult

conventions within tne languages under review. ieither the
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usercof roer tae A,)T approacn seers to be suoject to the

crlticisrs trat sha raises. '4evertleless, iolosyncrasies might

well appear In onerational i.t,plementatlons ,f either system; the

lacK of exterience witi tie svsters alai maKes application of

the criterion -litticult.

7.3.1e

In terms ot resource requirements. - 3tn 3oproaches seem

quite similar, since tr.e major reso)urce r- v tor noth of

them 'wouln re the storale of formatted ,-.t, d ., :..,, search

mechtaniss reqtired to access the data. Moe front end for ooth

systems, aiven tne noiest requirments of the Usercom approach,

w0oul- show tho 1irqest jifference. AQr tates the responsibility

for translatini the user's query Into a set of commands for

search, retrieval, transformation, and output. Usercom places

resnonsinllitv jPor, toe user for the first of these tunctions,

toe translation of an inforTdtion renuirement into the restricted

syntax of tte system. Tre 4reater power of the AQT approach will

require Procortionatetv qreAter system resources.

7.3.13

en nortaoilitV of the Aor system will De one of its primary
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advantages. It is desiqned for rapil Implementation in a variety

of hardware environments, for accessing a wide range of formatted

data bases. Usercom is intpnied for a singie type of data base.

Another Cnaracteristic of the usercom aporoacn that will

limit its portahility is the use of LISP as tne system language,

where AOl has used FORTRAw. Althouqn ooth languaaes are about

the same ace -- datina from tne late 1950's -- the nuMber of LISP

implementations is constderdoly smaller than the number of

FORTRAN inplementations. In addition, tnere are fewer

programmers trained in LISP than in Fd EkAlq. As a result,

Usercor is liely to oe much less portaole to new macnines than

is AUT. (None of these comments are intenled to suggest tMat

FORTRAN is suoerior to LSP as a language tor i'nr-enentation of

systems like Usercom; on the contrary, LISP is *i well-desianeo,

flexle lanquaie particularly appropriate for such applications.

PASCAL would bp another lanquaae superior to F(IkTRAN to be

considered).

The remaining evaluation criteria were suggested as typical

of extensions of the natural language anoroach for the

development of user interfaces. 1one of them should be regarded

as within the state of the art for large data base management

systems.
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7.4 Summary

Several elements of the Usercom approach have been reviewed

and emLhasized nere:

o The close ittention to the actual operations of FTD

analysts, to their information needs, and to the need

for proaticinq formatted output nave been emphasized

in Usercon and are important considerations in the

development of AQT.

o Corments concerning the difficulties that some users

will find in using a typewriter keyboard should be

reviewed to Insure that 40T is easy to use.

o The need for an effective im.olementation language,

such as LISP, Should oe considered. A specialized

lanqual like PASCAL mignt also be reviewed.

o Comrents concerning the Problems that users find in

producing syntactically-correct inputs, correct

spellings, and other non-technical details, should be

revip~e carefully. In particular, it should be

possible ti iake corrections in an input without

retyping the entire line.

o More qenerallv, a close attention to human factors

will be a major consideration for AQT development.
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Conclusions

8.1 Status anl results

Our experience in buildlnq a demonstration system for AOT

indicates that a Portable natural language data base query

facility is not only feasible, out also well witnin the domain of

present established data base and natural language orocessing

techniques. Tne most significant aspect ot the demonstration

system is Its- overall simplicity in contrast to its capabilities.

The simplicity is refleeted in tne tact that such a system could

.be implemented in FURT8AN on a DEC POP-It/45 and that we have

been able'to descrioe all the important aspPcts ot tne system

here In this report. An eventual orototype query facility of

cours* would hdve to qo consideraolv oeyond the lemonstration

system, tut its basic frameworK shoulu still be the same.

Most Of the Code wrltten tot the demonstration can oe

readily adapted to a FuLRTRA,' implementation of a prototype query
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tacility. As noted already, the choice of FORTRAN here is solely

on tre basis ot its near-universality although its portability

may well te ouestioned; in practice, we founa it troublesome to

worK with even 4ith a FLECS preprocessor to aid in maintaining a

top-down structurea proarammingJ discipline. It a specific

application called for implementation in a modern programming

lancuaoe like PASCAL,, it would he fairly straightforward to

translate from existing FURYKAN code into it; and in fact the

resultiln code snould oe auch improved since the demonstration

system has 1%ai to emoloy convoluted means in FORTRAN to come up

aith the eauivailent of pointers for strings, structured data

tvpes, recursion, and local variables.

If neeo ne, the Presentdemonstration system itself could be

applied to provide natural language access to an existing target

data nase. Ihe system was desioned to avoil the appearance of

beino tieo to a soecific test data oase; we can redirect it to

other taruet data oases oy simply changing its external

translation tanles, assuming that the structure of the target

oata base Is fairly ortnodox. he demonstration system would of

course corstitute only a part of a prototype query facility, but

it woula nevertheless allow tor experimental use of natural

lanquage access to actual data bases.

Experimental ose of AQT will be essential to further
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development. We need to 4et more exoerience witn the kinds of

data bases where natural lanaudge access wOuld be appropriate and

with the kinds of patterns of access that might be expected. we

also needto identify specific Information nroblems of both users

and their oraanizations where new technologies miqht be directed.

because the success of an informiation system must in the end be

judged by how well it is accepted by Its users, it is crucial

tnat they be able to have some say in how tnat system should turn

out.

8.2 Evaluation criteria

The AQ1 approach is not concerned with developing the

ultimate natural language system. Such i goal is of tneoretical

Interest, but it is only tangential to the practical problem of

facilitating data nasle access. Altnouqh a user can De Impressed

by the sophistication of a natural language system, it will be of
"Ittle consequence if it requires ridinq rouqhsnod over budgets

in order to get one. Because of this economic reality, the

emphlasis in AQT has been on simplicity, witn natural language

left to fit in where possirle.

This limitation on natural language power, tnouqn, turns out

to me only minor in the context of tne:data base access problem.
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The kinos of responses thit we can maxe to a data base query are

actually tew in number, maKini it nardly worthwhile to be

especially suote in query orocessini. The resolution of

reterence 15 AU1, for exapple, is accomplished through extremely

sirple means, Particularly in contrast with the lengths that some

"irteljicont" natural languaqe systems go to; these simple

means, however, seem to be entirely 'orKable.

An AtO facility will AnrK oest with data bases that have

hIqbly reoular structures and tnat deal with one particular

suhject area. It is desiqned for selectively displaying the

contents of a data b~ase without any automatic support of

inference; it is possible to retrieve information not explicitly

stored in a oata nase, nut this must oe done by including special

procedures that define virtual lata fields in effect. An AQT

facility thus will be most usetul in applications where the

problem is tne accessibility of online data and not its

interpretation, this probably a reasonable strategy given that

human reins are typically better at interpretation tnan machines

while findinq jifficulty with tne mecnanics of data access.

Tre effective 11se ot an A~r facility will require a certain

amount ot training. First,. a user nust Know in a general way

what is contained in a taroet data base because language

processina in Av'r depends a qreat deal on queries being
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domain-restricted. 3econd, the user must also understand that an

AQT tacility is oesicdlly not intelligent; it can only respond

directly to oueries and even at this must ultimately fail as

queries grow Increasingly comolex. The user, however, need not

oe familiar wit, tne actual structure of the target data base or

with the actuAl operations involved in query translation. The

data Dase nanaler Aill require the most training.

An AQT facility is desiqned tor easy installation and

maintenance. Cnanaes to a tarnet data base can be accommodated

in most cases oy undatinI translation tables. Extending a query

Ia rquane vocanulary is a simole process; extendinq a grammar Is

more difficult in that it requires some expertise in linguistics,

Lut tnis can also he done as a table uciate. The identitication

ana correction of actual errors in code Is aided by the

oradnization of the query translation orocess into distinct

passes and by the avoidance ot complex algorithms.

The evential goal ot AQ1 is to produce a natural language

system that Is flexible but yet reliable enough to run

eftectively witn anolications in tne real world. A persistent

difficulty with natural language is that it still lacks

credibility; for despite its supposed advantages# it is still

hard to convince persons responsiole'for assembling practical

* informatiOn systems that true natural language access is a

IL
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serious alternative. ve want to show with AQT that natural

lanquaae is no longer a nothouse curiosity, but a basic tool to

solve real Proolems.

8.3 Areas for furtner work

Because tne Avr demonstration system was built primarily to

sho* vossibilities wo were concerned not so mucn with developing

specific asnects of the system as witn estalisning tne overall

concept of table-driven guery translation. There remains a

conslderaole amount of work to do for the implementation of a

full Prototype query facility; the proolems involve both

enhancements of basic capabilities alreidy in the demonstration

system and altogether new capabilities necessary to support true

natural language access.

The princioal enhancements that seem called for are:

o numerical computations on fields

The demonstration system nox computes sums, averages,

raxi'nap minima of fields in a rudimentary way. This

could ne elaborated further to incorporate more

statistical functions and to allow arithmetic opera-

tions on fields and tne results of functions. One
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interestino nossir.ijity is to ouild in tools tor

exploratry oat. inilysis in tne -inner ot Tkikey I I I

inclunirvi tr~e various j-wrinical oisuAlays that are an

in~trinsic pArt of sucn an1.lys.s. 'miere ire ndany

trii1i4s %e coul io 10 re; crie i- Inr roole P nere will

t'e tit ot -iect'lln) Anat IS TIost aprm'Lri~ite tor a

ceneral juery facilitv.

o reterence

Tre current orocedures tor re:-terence in not ta~e into

acceo!nt Vie actual torn Ot a vuery; tnev iiote only the

intersection of the tieio soecitications tor toie

current Ana precedino nueries. mne scnenme actual~iV

%orKs out quite *ell, buit it nis rr-e li"xt~ition ot not

correctly nanali:, cprtmit) KindS Of terse iuiery

sequjences inere conspciltivp 4jerles nave no ex licit

fiell sopcifications in co~rnon. Lt seens more reason-

at-le to exteo~i tne reference procteoure nere rather

thn simnply to forr'io sucio seq-ueiices.

os crarwr

1 t.e cuirrent AQW, irai , ir consists of j set ot rules

acctuwlateoi to test tre le'ronstration system'. There

are ieficiencies in, flILni 1 conjunction anl so-n

rules, s-ICn those tor sequences ot tUeei na'nes, could

te for-r'ulated 'nCtrer. (tie o~sic .4r-i"-ar viii have to

re reworceaino! extended for use in A prototvype querv
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0 iI.neylvu -itcrie~j recori1 i,1stalces

It e r.--ionstratijf syste." scneme for retrieving record

irstirces -in_ iv-/~ results is adequate for a

!z'ati test ftt o~ase, rit in cQeneral, it will requilre

tec ,,ic*" *-un re~iorv tor insjex lists. In tfle proto-

tyj<e c~kery ficilitv, retrievAl Aro display of results

v ill -,,vP to tie interleave~i, alloe in.,ex lists to De

reAi in- den" ritter, out jicremreatally.

.on e rneo -re s to L>, exrplored inclu,ie:

c nec.atinnr

:. ec. tir in leneral i ren exceedingly compolex to nandle

in ivitural lanTi-aqe, nut Oecause It is descriotively

recessary At tl.-,;es, A querv facility should accept it

at leist In A liritel for". This will req.uire major

cranjes -iloni tne entire urocess of iuerv translation.

o surspecies ani v-;riarits

It Is so-neti'nes nelptul for a loiical 1ata v'ase model to

o.llo- sionlro1iin ot 'lata ny certAil Keys; for example,

in Connitjifli - eAr, .e ;n.dV vdft to adid in a single value

tot P Kev sin'lrOup insteiad ot ta~in-3 tnem in-lividually.

'If' IVI' strini pattern inatcner usei on ASCII keys

aoresses tnis rrrleP sornewnat, bot a more general
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apvroacn is needed.

o sorting and oroopino ot results

in the demonstration system, results are displayed strictly

in order ot retrieval; nut it is oenerally nelpful for a

user to have output sorted or grouped by various keys.

This could oe accomplished in a fairly straightforward way

by aoflina another bass to the query translation process.

0 irterfAces with multiple data bases

Because a user sees data only throuqh a logical model,

It stould not matter how many difterent data bases

that iata is urawn troo. 'IWO possibilities arise here:

we can gieneralize the AVT record access procedure to

allow a sinole logical model to refer to several data

t'ases, or we coulo allow a user to switch from one

loqicAl model to another.

8.4 Plans

Current Plans tor AQT call for the development of a

prototype query tacility in FOR'TRAJ. It will be implemented

first on a PEC PPP-11/70 under the RSX-l4 operating system and

then probably taken to a VAX-11/780 under VMS running in 32-bit

native mode. rhe move should allow the Portability of the system

to be assessed. *orK in this area is scheduled for completion in

i
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Octooer of 19b .

As a test ot the capanilities of the prototype query

facility, we will try to get a large data base of current

interest for an exnerimental application. In setting the system

up, we plan to Po tnrough all tne formal procedures that an

actual data tase manaq7er would go through: identifying the

taroet data to ne accessed, constructin,1 tne tables for query

translation, and actually .jenerating a load image of the system

from districution sources.

fo tte extent tnat it is possiole, we will get actual

intormatior users to try the system out, either by bringing it uP

on a processor available to the users or by arranging for

co i unicatior trom remote terminals over telephone lines. This

would allow us to see how natural the system really is and also

to let users help in guiding its course of development. It is

hoped that the relative ease of settina up an AQT facility will

mAke potential users more receptive to participation in such

testinn.

i . Summanaary

Ihe Phulosophy behind AQ'T was that the natural language
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aspect of the proolem was actually less imoortant than tne data

base aspect. 6ein4 able to express queries in tne form of

English is of little help if a user cannot figure out what to ask

in a given situation. So instead ot thinking anout grammars and

dictionaries first, we started by consinerinq now to make data

bases as transparent as possiole so as to make access to them

easier.

The major difficultv presented vy data bases is that its

structure is typically determined by purely tecnnical

considerations such as minimizing the amount of storage used,

optimizing certain access paths, anti exploiting storage devices.

because none of this is pertinent to a person who simply wants to

retrieve intornation, the trend has been to MaKe tnis invisible

through imposini increasingly iostract loaical models on top of

data bases. The notion of relational hierarcnies comes from this

process of abstractioR taKen to an extreme: the naminq of data

items as well as their structure is made invisiole.

The use of a relational hierarcny as a loqical data ,Podel

suggests a simple and practical way ot interoretinq natural

language queries. Such queries are first maoped as an

intermediate step into references to a relational hierarchies;

these references can then ne mappeo into references to a larger

data base tnrough translation tables describing tne

g; II
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correspondence oetween an intermeliate model and a data base.

This approach ooes not reaiire a large machine for an

implementation; in fact, it can ne programmed in FORTRAN on a

DEC PUP-1l/70.

The relative si.iplicity of tne AVI puts it within reacn of

many inforniation users for whom natoral language access may

otherwise be unavailaole.. Recause tne code for AQT is in FORTRAN

it shoulC te runnable on ,:ost machines large enough too support a

data base system. The AQT facility is self-contained; it

requires no allitional software to so oitti, and it can as in the

case of the demonstration system worK directly on ordinary files

Iwithout a separate lata base management package.

An AQl facility is desianed to go out to the user. Setting

it up is easy, and it can readily evolve as a user gains

experience uith it. Most of the worK of tailoring a facility to

a target data nase will De in derivin4 a relational hierarchy as

a logical moace ana in constructinq the translation tables to go

with the ,odel. Experimentation with the facility -ill involve

very little risK on the oart ot the iser.

Tne development of AOT is an attempt to make natural

lanQuaae a realistic solution to data base access problems.

Natural lanauaie Is important not only in tnat it can expedite

1I

iw
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certain things no* oeing lone .ut also in tnat it opens up

possioilities for Dringina tne ultivate users at information

closer to the sources of. informadtion. 4atural lanquage can serve

as a common access method to many aitterent oata oases at the

same time, malcino their 3.vgre-jate contents immnediately available

for analysis or decision making. The AQ)'C effort is only a small

step in this direction, but it is a realistic one and should help

pave the way for other systems yet to come.
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A. A Session wit~i the Demonstratior Systelm

RUN ACQT

**AOT DE-MN5tRATION SYSTKI'#~

QRY>TFIJL NkE At4OUT AIACRAFT.

AIPCRAFT(?)

P1 AIRCkAFI
TIS IS A SUVIET FIG4TC9 AIPCKAFT DATA '6ASE,
VERIVEA) fRP~ UNVCLASSIF.IED PUbI41IIU)S. IT
DESCHIEAES CPF'MS, F"ISEILAGES, wI ,.eXS
ARMA'4FNTSt Atd) PERFPORMANCE.

QklY>NANAES OF AIRCRAFTI2

AIRCRAFT
*AIRCPAFT(?)(4A'E=#J
i.)

NAME

FLAGUN-F S13-15
FLAGON-D SU-15
IFLAGON-C St i-15
FLAGON-B SiJ-iS
VLAGON-A SUJ-15
FLAGON~ . sjd15
VISPOT-C S11-9
FISHPUT Sii-9
FOXAAT-8 l21
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~.A Session with tt-.e Demonstration System

FOXBAT-A AG2
FOXBAt 'IG-25
FL(ijGGFP-C mlrG-23U
FLUG(,LFP-R 1t M- 2.4 f
FLOGCGER 4'1G-23

V1~si~EPJ 4lG-2lP~fA
VISHSEr-F Alcl-21pem
F tisn~WD-v 41(>-21PF

FAN~vEr(- VIGel94

Qkf>AhAT IS TniE Amf NA:AE UP THE2 PIG-19 AND i'*2N DID) IT ENTER
SE;HV±Cb.?

AIACPAt'T(?)(NAT(I>> NAME=*)J

<<NAIL'>IA 4

------------------------------------------

1955 A1G-19 FAR4ER

QRY)>iPAT IS TdEi AVERAGE LE14GT~4 OF AIRCRAFT WITH A WING SPAN
GRE:ATFIjt THAN 25?

AIRCRAF~T

* I PIMIENSION[SPA1J>251

L INJGT H
----------------------------- 00---
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FtR~i AR11.04
TU-28P VFi~uLER45U
SU-1h FLAGL'N-4 ).(
SU-15 m'LAG'PJ-u 68.00
SU-15 FLAG~l-C io

50I-15 FfAGUA 69.0
b li -15 FAkmbb3.OU
SUV9 bFISO~POT-C 55.00
5j-9 F IS iPffr 55. 00
MIG-25 FOXdAl-3 09.00
!ICG-25 FJXRAf-A 69.0u

MIG-25 Ff3XA r 61).0OU

'MIG-236 W.F- 55.13
1G-23 F6( GER55.13

'AIG-19SF FARME~R-C 48.8$

MICG-19PF FAA4EH-D 6tf
M1G-0 ARQ 48,8
,41G-17 FRES.:CO 36.33

AVF '~t 60.0%

0JY>CL?F'1GLPArI(iS 'JF lHE F (-1~F

AJHCMAPI ESEIAV1Ct, 4AMF,,IG-2i1i4'J
*ARMA'AV,7 C114FIGURATI0O4(?)

A41G-2Imf FISHRED-L, *CFGN* 2 UN BOMB IJKN
2 UN BOMB UI(N
4 AS ROCKETF UKh
1 UN CANNON UKN

*CFG.N* 2 AA MISSILE ATOLL
I ON~ CANNON UKN

*CP'GN* 2 AS ROCKET UKN
2 AA MISSILE ATOLL
I UN CANNON UKN

*c~rN* 4 Ak MISSILE ATOLL
1 UN CANNOA UKN

mIG-2IAF Fliitl~EO-K *CF'Gg 2 ON BOMB UK1E
2 UN BOMB UKN
4 AS ROCKET UKN
I UN' CANNON UKN

*CFGN* 2 AA MISSILE &TULL
I UN CANNON UKN

*CFGN*. 2 AS ROCKET UKN
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2 AA MISSILE ATOLL
'I IN CANNON UKN

*CFGN* 4 AA MISSILE ATOLL
1 UN CAiwiON UKN

MIG-21MF FISHB3.-J *C(GA 2 UN BOMB JKN
2 UN 8OMB UKN
4 AS ROCKET UK,J
1 UN CAN4JON UKN

*CFGN4 2 AA '41SSILE ArOtL
I J N CANNON JKN"

*CFGN4 2 AS ROCKET UKN
2 AA MISSILE ATuLLL
t UJ CANNON UKA

4 C F G N 4 AA ;41SSILL ATOLL
I UN CANNON UKN

QRY>WHAT IS THE CO,4,AT RADIUS uF SOVIEf AIRCRAFT CARRYING ATOLO?

AIRCRAFT APMAMENT CUNFIGURATIO.4 wEAPO.N(NTO NA.E=ATOLL,]
PEPFORMANCL(?)( )[<<COMBAT>> RAOILIS=*]

<<COY4SAT>> RAD[IUS

MIG-21PFMA FISHBEL-J 1183
SMIG-21P~V FISHBED-F 1183

MIG-21MF WIS$ED-L 1l$3
MIG-21MF FISHBED-K 1103
MIG-21PF FISHBED-J 1183
MIG-21F FISHOED-C 1183

ORY>D0 ANY AIRCRAFT CAkHY THE ACRID MISSILE?

AIRCHAFT(Y/N?)
. ARMAAENT CONFIGURATION WEAP0N(I:) (CLASS=ISILE,NArO
NAME2ACRID]
C.)

YES.
FULL OUTPUT?
NO

QRY>HOW .MANY?

, AIRCRAFT(#?)

• .)

|j
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AIRCRAFT(S)
COUNT = I
FULL OUTPUT?
YES

MIG-25 F0XBA-A

QRY>ITS SPEFV?

* PERFCRMAfC(?) (1 ) (SPED=*)
C.)

MIG-25 FOXBAT-A 2.81 100000

3. )d 90000

3,20 80000
3108 70000
2.81 6000o
2.49 50000
2.19 40000
1.93 30000
1,71 20000
I I 1000')

1.38 0

ORY>WHAT IS THE M .NIIJM., LENGTH UF INTERCEPTORS?

AIRCRAFT[I OoE.{=AtI {R)J
* OIMENSO ? ) ( ) (.XNIMUN) LE;:GfI = )
(C.)

ROLE LENGTH

MIN LENGTh=AWI SU-15 FLAGON-E 6d.00

QRY>OF SOMbEPS?

. AIRCAFT(HP(1tE=:t'/)b.
(.)

RULE LENGTH

.IN LENGTH=F/1) MIG- 17 FRF'SCO 36.33

~ - ~--
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A. A Session with t?~C Dem'onstrationl System

QPY>PIA.AS?* OFSCRH1'E CfREWIS.

AIRCRAFT CRFA'(?

Q4 CRF,0
OINLf CRFi% 51ItiS ARE~ KNhN.

QRy)HrW MAf-I ALHCRAIFT CAk(RY 2 CRW4E;?

AIPCRAbAT-?)

-------------------------
,101G-25 IM T 0
MI1G-2S FOXRAT-A
tMIG-25 F~OXhAC
'IG-23U LO'E-

QRY>HJV% MANY CARRY t?

*AIRCPAFI'(*?)

COUNT =25
FULL OUTPUT?
NO

*;* .Nr AQl *
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APPENDIlX 8

rranslAttorn "atles for Soviet Aircrdtt Data

NA<. RECOND ANCESTOR LINKAGE

lypC II )
A I CAFT I 1 1-1

CONFIGUPATIflN 4 2 1-M
IP 1 I-IL

L) I S-1O I 1 1-1
0lNE;1 g - 1
I) IF ,NsIOrN II I-
?, ' IN G 11 F I-

FUSELAGE I 1 1-1
IDENTIFICATIit. 1 I-I
I DP."ATr T F1 CAT] I 1-1
PAFON 'AsC'. 3 1-1

4'.P N' 3 1-M

IG1 1 I-I
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Translation Tables for Soviet Aircraft Data

FIELD COPfr:SV(P)NENCE TABLE.
RELN R:C A'rA FIELD

TYPE rYPr: i)-F SU brAGT~i
SERVICE NAV'F I I A 0 12
NATO NrAME I I A 12 12
CtEw , 1 1 82 2
MANuFACTUFF 1 1 A s4d 12
RULE 1 1 A 100
FIRST iLIGHI 1 I A 108 1)
WHEN IT[ FIRSM] EWifERE

SERVICE 1 I A 120 Iv
LFNGTH 1 H 32 4
HEIGHT b 1 3 4
CLASS 13 4 A 0
ACCOMIOr)AI ION 4 1 1 84 2
SPAN[ SWEPT] 7 1 p 24 4
AFTEkB1RIE1- 8 1 A bd 1
POiER 8 t [ b4 2
MANOFACTUREP 11 1 A 4i lb
TYPE 11 1 A 44 4
COMBAT RADItOS 12 1 I 144 2
SPEED[ VS AL.IrUDF) 12 2 R 0 4
SIZE: 13 4 1 48 2
EFMPTY oEIGH'1 14 1 1 12 4
GROSS WEIGhT 14 1 1 76 A
ExrENPED 'OPIGHT 14 1 I 0 4
EMPTY -, 14 1 1 72 4
GROSS .. 14 1 1 76 4
KXrENDFD ** 14 1 1 h0 4
TYPE 13 4 4 44 2
MFG DFS 13 4 A 36 8
NAT NAME 13 4 A 8 12
ROCKET/POD 13 4 I 52 2
MFG 13 4 A 20 to
NAME 1 1 A 12 12
WEIGHT 14 1 1 7 4

14 1 1 7 4
* 13 4 1 4 2

I 1 1 40 2
N1 1 d4 2
LENGTH 5 1 R 32 4
HEIGHT b I P 3b 4
SERVICF ALTITlDE 12 1 1 140 4
A IT rItJr)E 12 2 1 -4 4
POWER PATIN( 11 I [ 64 2
COM16AT RADIUS 12 1 1 144 2



Translation Tables for Soviet Aircraft Dqta PAGE B-3

------------------------------- ----------------------
* IN'IEF-RFI.ATIOAAL RECORD LINKS

TO I FROM~ I lI'N LINK
CUoFiDI Cn0FDI) TYPE FIELD
1 1 0 U -- u 0 i TOP-LEVeL INDICATOR
1 4 1 1 -- 0 0 ; AIRCRAFT TO CREW
i 5 1 1 -- 0 0 1 AIRCRAFT TO DIMENSION
I A 1 1 -- 0 0 : AIRCRAFT TO ENGINE
1 9 1 1 - - 0 0 J AIRCRAFT TO FUSELAGE
1 10 1 1 -- 3 0 ; AIRCRAFT TO IDENTIFICATION
1 14 I 1 -- 0 0 ; AIRCRAFT TO WEIGHT
1 15 1 1 -- 0 0 ; AIRCRAFT TO AING
1 b 1 9 -- 0 U ; iUSELAGE TO DIMENSION
1 7 1 15 -- 0 0 • NING TO DIMENSION
1 11 1 p -- 0 0 ; ENGIiE TO IDENTIFICATION
1 12 1 I -- 0 0 ; AIRCRAFT TO PERFORM.(RECTYPzl)
2 12 1 1 ZZ 152 2 ; AIRCRAFT TO PERFORMANCE
3 13 3 3 yy .) 2 ; CONFiGUkATION TO wEAPON
3 3 3 2 XX 4 2 : ARMAMENT TO CONFIGURATION
3 2 1 1 N'- 14, 2 ; AIRCRAFT TO ARMAMENT
4 3 3 101 N- 0 2 : CONWIGURATION ELEMENT TO WEAPON
3 101 3 100 YY 0 2 ; CONFIGURATION TO ELEMENTS
3 100 3 2 XX 4 2 ; ARMAMENT TO CONFIGURATION

* INTRA-kELA bIvhAL REC090 LINKS

4 13 3 0 N- 0 2 ; wEAPOA COUNT TO WEAPON

(COOkDI%'ATE PAIR = RECORD TYPE + RELA'rION)
------------- -------------- ---- ---------- m-----------

RKCOk[ TYPE ACCESS 'rAHLE
ACCESS SIZE PILE NAME1
Tr I PE

u 200 OK:AQT.)AT MAIN AIRCRAFT RECORDS
D 50 uK:Afj1SP.DAT : SPEED VS ALTITUDE TABLES
D 12 0K:AR:43AS.,DX ; ARMAMENTS INDEX (WITH COUNTS)
O b4 DK:ARPBA6S.DA ; ARMAMENTS RECORDS
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Translation Tables for Soviet AircrAft Data

---------------------------------- -!- ------

MANDATOPY FIELDS TABLE FOR OUTPUT
COORD FIELD DATA

REQ'D TYPE
I 1 0 12 A ALWAYS PRINTd OUT SERVICE NAME
1 1 12 12 A I AND NATO tbAAE FOR AIRCRAFT
4 13 8 12 A IDENTIFY WEAPON BY NATO NAME
4 13 44 2 A W EAPO*J TYPE
4 13 0 8 A I EAP'Jr, CLASS
2 12 -4 4 L * ALTIrUDE -l'rH SPEED
1 8 44 4 A IENGINE TYPE:
111 44 4 A ( " )
3 100 -1 6 A i CONFIGUIA'TION MIARKERS
3 101 4 2 1 W WEAPON COUN4T CCONFIGURATlOq)
4 3 44 2 A W NEAPOJN TYPE (CONFIGURATION)
4 3 0 6 A : WEAPON CLASS (C04FIGURATIo*)
4 3 8 12 A WEAPON NATO NAME

(COORDINATE PAIR R RECORD TYPE" + RELATION)
---------------------------------- -------------------- ---------
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MISSION
Of

Rome Air Devetopment Center
UAO PtAI' and execu-te.A 4ee~h deveeopment, teat and,iet'.ed dequ~a~t~on pkog~rn6 in 4UppoL oj Command, Contuot
COOUmw'icudtiona and IttUgene (C31) ativitiea. Technico2
dnd ",Zneu.ng 4uPPoc.t wic n akea" 06 tdznZca competenczeap'wvided .to ESP PtogAan, 0f62*2ea (P0,6) and othek ESPdowuittA. The pjw.~at technicat mia&Zion a.teaa oAe
coumsWtico~louna, etect&0om9netie gu.idance. and contLo4 6wt-vei.Lanee od g'ound and aeo6pace objeah6, intettigence data
coa~eton and handeing, in6o~twion 6y.6temn technotogy,
ieH*6PkeAieo P/Lopaga~ton, 6otid 4tt 6ciene.., Aoc~amve
P40iZc and etwftonic teciabitity, main&Znabitity and


